Structural Features and Phylogenetic Relationships
Among Larvae of Genera of Gyrophaenine Staphylinids
(Coleoptera: Staphylinidae: Aleocharinae)

Abstract

Systematics, structure, and phylogenetic rela-
tionships of known larvae of genera of the aleo-
charine tribe Gyrophaenina were investigated.
Larvae representing 6 of 13 described genera, in-
cluding all Holarctic genera, except Brachida Kr.
and Encephalus Kr., were available for study. A
great variety of structural features, especially in
detailed variations in chaetotaxy, mouthpart
structure, and characteristics of the tergal gland
and associated structures of abdominal segment
VIII, were found to be useful for systematic and
phylogenetic comparisons among genera. Distri-
bution and variation of these structural charac-
teristics among gyrophaenine larvae and imma-
tures of other aleocharines are discussed. Larvae
of all available genera of the Gyrophaenina are
described and characterized, a key is provided for
separation, and illustrations of structural features
of representative late instar larvae of all available
genera are provided.

Based on an analysis of transformation series of
34 larval characters, a cladistic analysis of avail-
able genera was developed. The Gyrophaenina is
shown to be monophyletic, based on 17 derived
larval characteristics. Sister group relationships
among genera are congruent with most branches
of a previously published cladogram of all gyro-
phaenine genera, based on adult characteristics.
Though presently unresolvable discrepancies in
phylogenetic relationships of some genera remain,
these do not require revision or rejection of pre-
viously developed conclusions of classification or
evolution of gyrophaenines based on cladistic
analysis of adult features. Comparisons of clado-
grams based on the independent character systems
of larvae and adults provide a very robust test of

previously developed cladograms and subsequent
conclusions based on them.

Introduction

Immatures of the large and diverse staphylinid
subfamily Aleocharinae are commonly encoun-
tered in a variety of microhabitats. For many of
these, their abundance suggests that they may have
a significant impact on community structure.
However, very little is actually known about the
habits of aleocharine larvae, and, indeed, it is rare-
ly possible to identify even the most commonly
encountered individuals to tribe or genus, much
less to species. A part of this difficulty stems from
the great diversity of taxa included in the subfam-
ily Aleocharinae, a group that Arnett (1968) de-
scribed as the “poorest known section of the entire
order Coleoptera™ (p. 283). Because of the diffi-
culty of confidently identifying adults of this large
and inadequately known group and the fact that
a diversity of adults are often found together with
larvae in many habitats, accurate association of
larvae with adults is commonly impossible and
evenidentification of reared material is sometimes
questionable.

In addition to the typical taxonomic problems
encountered in studying aleocharine larvae, a fur-
ther limitation to studies of immatures has been
the lack of a consistent reference framework within
which to compare structural features among su-
perficially similar larvae. This has resulted in many
sketchy and inconsistent descriptions of aleochar-
ine larvae which cannot provide unambiguous dis-
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crimination among larvae of most taxa. Recent
development of the requisite comparative system
for examination and discussion of chaetotaxic fea-
tures of aleocharine larvae (Ashe & Watrous, 1984)
represents the first attempt to develop such a com-
prehensive base for study.

Ashe (1984) recently stabilized the generic clas-
sification of the subtribe Gyrophaenina and pro-
vided a detailed cladistic analysis and discussion
of structural, behavioral, and ecological features
of its members. He noted that gyrophaenines are
exceptional in that they are obligate inhabitants
of fresh mushrooms as both larvae and adults.
Within this habitat they feed exclusively on the
active spore-producing layer (the hymenium) of
fresh mushrooms. This is a highly unusual habit
among aleocharines, most of which are thought to
be predators. This specialized habit and the con-
sequently very limited generic diversity of aleo-
charines found on fresh mushrooms (a consider-
ably greater diversity of predaceous aleocharines
is attracted to mushrooms past their prime) im-
proves the possibility of making confident larval-
adult associations as well as providing for devel-
opment of relatively easy and effective rearing
techniques (Ashe, 1981). Gyrophaenines, there-
fore, offer excellent opportunities for the study of
structural and behavioral features of closely relat-
ed higher taxa within the Aleocharinae.

Despite this, very few gyrophaenine larvae have
been described. Fewer still have been described in
the detail required for comparative study among
taxa. The only comparative study of gyrophaenine
larvae available is that of White (1977), who stud-
ied larvae of several British species of Gyrophaena
and Agaricochara. However, the limited taxonom-
ic range of larvae available to him, possible in-
correct associations, and the inadequate reference
base available for study of aleocharine larvae at
that time resulted in several taxonomic conclu-
sions which cannot be supported after examina-
tion of a greater diversity of taxa (see below).

Other gyrophaenine larvae are known only from
descriptions of individual species of Gyrophaena
(Rey, 1886; Boving & Craighead, 1930; Paulian,
1941) or Phanerota (Ashe, 1981). Description of
the larva of Gyrophaena manca Erichson (Heeger,
1853) is not that of a gyrophaenine (White, 1977;
Ashe, 1984).

Other published comparative studies of aleo-
charine larvae are also uncommon. The only de-
tailed study of taxa within a single tribe of aleo-
charines known to me 1is that of athetine
aleocharines by Topp (1975). This paper clearly

illustrates the diversity of characteristics in chae-
totaxy, antennal structure, and other features which
are available for systematic analysis within a sin-
gle, structurally relatively homogenous, tribe.
However, there is no certainty that the species and
higher taxa included in Topp’s study are closely
related within the diverse and taxonomically very
difficult Athetini. This seriously limits subsequent
attempts to determine the phylogenetic and taxo-
nomic implications of the variation noted.

This investigation of gyrophaenine larvae rep-
resents the first known to me that attempts to
compare all known larvae of a demonstrably
monophyletic group within the Aleocharinae.

The general purpose of this paper is to provide
the basis for identification and additional study of
larvae of genera of the subtribe Gyrophaenina and
to enlarge the systematic and phylogenetic frame-
work developed by Ashe (1984), based primarily
on studies of adults, for study of this particularly
interesting group of staphylinids. In addition, since
the chaetotaxic system developed by Ashe and
Watrous (1984) is relatively new and has not been
used previously as a basis for the comparative
study of aleocharine larvae, this study will serve
as demonstration of use and as an initial test of
the effectiveness of this system. Finally, no at-
tempt to study the phylogenetic implications of
character systems of aleocharine larvae has been
made previously. Therefore, this investigation will
provide an initial discussion of pertinent character
systems of gyrophaenine larvae and compare the
resultant hypotheses of phylogenetic relationships
of genera based on these larval characteristics for
congruence with those developed by Ashe (1984)
based on adult features.

I hope that this study will encourage similar
comparative studies of other groups of aleocharine
larvae.

Materials and Methods
Materials

Gyrophaenine immatures used in this study were
obtained and identified both by association with
adults based on collecting and by a variety of rear-
ing techniques. Gyrophaenine larvae and adults
can often be collected together on the host fungus,
especially on intermediate aged, fleshy gilled
mushrooms. It is, however, often difficult to es-
tablish the identity of late instar larvae found on
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older fleshy mushrooms without rearing them be-
cause adults have commonly already abandoned
these older mushrooms for fresher fruiting bodies.
This is particularly a problem because, in many
instances, adults of several species of gyrophaen-
ines may visit a single mushroom, though all may
not breed there. This differs considerably from the
situation on woody polypore mushrooms. The
number of species found on these mushrooms is
much fewer, and usually only a single species of
gyrophaenine is found on a given mushroom. In
addition, adults and larvae of all instars are often
found together on mature fruiting bodies.

Because of the possibility that larvae found on
a mushroom may not represent the same species
as adults collected in association, great care must
be exercised in establishing species identifications
based on such associations. However, after a few
firm associations of larvae with adults are known,
it becomes possible to make much more confident
larval-adult associations by providing limits to the
possibilities. Also, experience with the local gy-
rophaenine fauna provides for development of in-
formation about host ranges of local species, there-
by making identifications based on associations
much more confident.

Rearing provides much more reliable larval
identifications. Ashe (1981, 1984) discussed tech-
niques for rearing larvae of gyrophaenines. Gen-
erally, most gyrophaenine larvae can be easily
reared by maintaining them together with the
mushroom on which they were found until they
mature. Ashe (1981) found that placing the mush-
room in an inverted (gills up) position on moist
paper towels was suitable. However, I have since
found that maintenance of mushrooms in petri
dishes with 0.5 to 1.0 cm of plaster of Paris in the
bottom is more effective. It is much easier to main-
tain the proper moisture on plaster than with paper
towels. This is especially important because if the
mushrooms become too wet they will often rot
before larvae complete development. However, it
is not difficult to maintain larvae and adults of
most gyrophaenine species under such conditions
as long as mushrooms are available. In addition,
adults confined with the proper host mushroom
will often lay eggs which can be reared for larval
association. Some gyrophaenines live on mush-
rooms that produce toxic volatiles when confined
in a closed container, which kill any animals living
on them. I have not been successful in keeping
specimens of these species in the laboratory.

Larvae which are ready for pupation become
restless and leave the host mushroom. In those

instances when larvae were reared to adults, these
mature larvae were either transferred to a soil-peat
mixture for pupation or pupation substrate was
pressed into one corner of the petri dish. In this
latter circumstance, pupation usually occurred in
the soil-peat mixture, and fewer larvae were dam-
aged by unnecessary handling.

Based on the above methods for obtaining iden-
tified larvae and in consideration of the problems
encountered in making accurate larval-adult as-
sociations noted above, I have established several
criteria for determining identity of larvae. The des-
ignation of identification criteria used in the de-
scriptive sections of this paper is indicated in pa-
rentheses.

1) Association (assoc.)—Larvae are found in as-
sociation with numerous (>10 to 15) adults of a
single species on either a single mushroom or a
closely associated group of fruiting bodies of the
same species. Larvae are not considered firmly
associated if two or more species of adults are
found together with them, even if individuals of
one species predominate.

2) Larvae from eggs associated with adults (ex
ovo)—Eggs found associated with adults of a single
species are reared to mature larvae. This is similar
to associated larvae, but identifications are more
firmly established because early collection de-
creases the possibility that adults which produced
larvae have already left the mushroom, leaving
behind, or perhaps being replaced by, adults which
are not conspecific with associated larvae.

3) Reared (reared)—Larvae or eggs found as-
sociated with a single species of adult are reared
to maturity, and randomly selected larvae are
reared to adults. Identification is considered es-
tablished if all reared adults are conspecific with
the original associated adults.

Borrowed material cannot be justified under
these criteria because detailed conditions of col-
lection are not available. Therefore, borrowed ma-
terial labeled “associated” is assumed to have lar-
vae determinations established under criterion 1
above, provided no other information suggests that
this assumption is not valid.

Preparation and Examination of Material

Examination of the wide variety of structural
features available for comparative study of aleo-
charine larvae requires that material be properly
prepared and examined with adequate equipment.
I have found that examination of cleared larvae
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on permanent slides with compound optics is par-
ticularly useful. Proper clearing of soft parts of the
larva is especially important. In this study, larvae
which were preserved in alcohol for one or more
years were first cleared for 10 to 30 minutes in
cold, concentrated potassium hydroxide (KOH)
and then transferred through a wash of distilled
water to Nesbitt’s solution for 10 to 30 minutes.
This results in larvae in which the soft parts are
exceptionally clear but in which cuticular struc-
tural features are not cleared to transparency. Lar-
vae cleared in this way provide excellent slide
mounts with cuticular features clearly visible and
minimally distorted by preparation procedures.
Those larvae which have been preserved in alcohol
for extended periods (10 or more years) do not
clear well and must be left much longer in both
KOH and Nesbitt’s. However, extended periods
in either of these solutions will cause considerable
damage to cuticular structures: wrinkling of cuti-
cle, curling and deformity of setae, loss of setae,
overclearing, etc. Therefore, larvae treated in this
way must be watched carefully. The most effective
clearing is achieved by placing freshly killed larvae
directly into Nesbitt’s solution for 10 to 30 min-
utes, depending on size and initial transparency.

For examination, I mounted cleared larvae di-
rectly from Nesbitt’s solution onto permanent mi-
croscope slides into Hoyer’s mounting medium.
Before adding the cover slip, larvae were properly
arranged in the mounting medium, and mouth-
parts were teased open by applying gentle pressure
basoventrally on the head capsule with a pair of
fine forceps. Slides were dried in a drying oven for
3 to 4 weeks and then ringed with glyptol to pre-
vent development of the air channels character-
istic of slides mounted with Hoyer’s medium.

Primary examination of mounted larvae was
done with a Wild M-20 compound microscope or
a Leitz Dialux 20 defraction interference com-
pound microscope at magnifications of 200 to 1,000
times. Drawings were made with the aid of a draw-
ing tube. Selected representative larvae of each
genus were critical point dried, gold coated, and
examined with a Cambridge S-4 scanning electron
microscope.

Materials and Taxa Included

The subtribe Gyrophaenina is currently com-
posed of 13 described genera (Ashe, 1984). Ofthese,
representatives of six genera, including all Hol-
arctic genera except Brachida and Encephalus, are

available as confidently determined immatures.
For a variety of reasons, including rarity, exotic
ranges of taxa, and others, availability of reliably
determined larvae of other gyrophaenine genera
cannot be expected in the foreseeable future.
Therefore, generic revision of immatures of the
subtribe Gyrophaenina is considered timely de-
spite incomplete coverage.

Generic descriptions herein are based on late
instar larvae of all species of the genus examined.
For all genera except Brachychara Sharp, larvae
of the type species were available, and these were
used as an initial basis for the descriptions. Larvae
of other species of the genus were compared with
these, and the descriptions appropriately modi-
fied. In addition, immatures of the type species
were used to provide illustrations of distinctive
features whenever possible.

All materials examined are in the collection of
the Field Museum of Natural History, except those
generously on loan to me from the British Museum
(Natural History) (BMNH) or the Museum of Com-
parative Zoology (MCz).

The variety of larvae of identified taxa of the
subtribe Gyrophaenina examined in the course of
this study should provide a reasonable sample of
the structural diversity of most higher taxa of gy-
rophaenines. However, the sample is necessarily
limited when compared with the total diversity of
the subtribe. It therefore seems possible that char-
acterizations of immatures of each of these genera
may require modification as larvae of other species
become available for study. I especially hope that
this study will provide a basis in systematics of
gyrophaenine larvae that will encourage additional
investigation of immatures, life history and habits,
and ecology of these beetles.

Natural History and Development

All members of the Gyrophaenina for which
natural history information is available are obli-
gate inhabitants of fresh mushrooms as both lar-
vae and adults. Within the mushroom habitat they
feed exclusively on the spore-producing layer, the
hymenium, from which they graze maturing spores,
basidia, and other hyphal structures. This char-
acteristic habitat and feeding mode departs mark-
edly from the predacious habits of most aleo-
charines, including the variety of other staphylinids
which visit fresh mushrooms. The habit of feeding
only on the hymenium layer also differs signifi-

FIELDIANA: ZOOLOGY



cantly from that of most other mushroom-inhab-
iting insects, most of which feed on the flesh of
the cap, stem, or gills, primarily by burrowing into
the mushroom.

Many of the structural, developmental, and life
history features of gyrophaenines reflect both this
unusual way of using the mushroom resource and
the distinctive features of the mushroom habitat.
The most striking structural adaptation to the gy-
rophaenine mode of mushroom habitation is in
structural characteristics of the maxilla. Structure
of this mouthpart appears to be functionally im-
portant in the grazing feeding mode used by these
beetles. In both adults and larval gyrophaenines
the maxilla is modified to form an apical brush of
numerous closely spaced spines (see Ashe, 1984,
for a detailed discussion of structural and func-
tional characteristics). In adults, these spinose
patches are on the lacinia of the maxilla, while
they form the surface of the mala of larvae. These
spinose structures are found only among gyro-
phaenines, as far as is known, and are very unlike
features of any other aleocharine. Similarity among
these structures in adult and larval gyrophaenines,
in contrast to the distinctly different maxillae of
adults and immatures of most aleocharines, is
striking and suggests similar functional require-
ments for the gyrophaenine feeding mode through-
out the life cycle.

Known features of the natural history of gyro-
phaenines have been discussed by Ashe (1984).
Within the variety of mushroom-producing fungi,
gyrophaenines live primarily on very ephemeral
fleshy gilled mushrooms (Agaricales) or more per-
sistent polypore mushrooms (Polyporaceae). Dif-
ferent lineages within the subtribe specialize in
each of these mushroom types. The two groups of
mushrooms offer different habitat characteristics
to beetles which live on them. They differ in a
number of general characteristics, including per-
sistence, place of spore production (and subse-
quent availability of the hymenium layer), and
duration of spore production. These differences
potentially have a profound effect on variation in
population structure, life cycle, and development
of gyrophaenines.

Members of most Gyrophaena and Phanerota
are found only on more ephemeral fleshy gilled
mushrooms. It seems reasonable that these gyro-
phaenines are under the most severe time re-
straints on development and life cycle. Since both
adults and larvae live between the gills and feed
exclusively on the active hymenium layer, they
can occupy only fresh mushrooms. Often fleshy

gilled mushrooms are suitable habitats for only a
few days to a week. This then represents the max-
imum time available for adult feeding, mating,
oviposition, eclosion, and maturation of larvae,
all of which take place on the same mushroom.
Consequently, the life cycle is remarkably com-
pressed. Ashe (1981) found that eggs of Phanerota
Jasciata (Say) were laid on the gills soon after adults
were attracted to very young fruiting bodies. Eggs
hatched within 24 hours, and there were three lar-
val instars. Instar I lasted an average of 14.2 hours,
instar II 14.8 hours, and instar III about 2 days.
Development from hatching to fully mature lar-
vae, ready to leave the mushroom for pupation,
required 3.2 days at room temperature. Reared
larvae of Gyrophaena used in this study had very
similar developmental times. Pupation occurred
within a silken pupal cell constructed in the in-
tertices of soil or leaf litter and lasted 4 to 14 days
for available reared species. These very short de-
velopmental times appear to be a direct response
to the ephemeral nature of gilled mushrooms.

In contrast, members of Agaricomorpha,
Brachychara, Agaricochara, and some Eumicrota
are found only on more persistent, woody or leath-
ery, polypore mushrooms. Fruiting bodies of these
mushrooms may be present for a month or more.
Unfortunately, general features of the life history
of those gyrophaenines which live on polypores
are much more inadequately known. No species
which occupies these mushrooms has been reared,
and other detailed observations are lacking. How-
ever, the greater longevity of polypore mushrooms
and consequently, the relatively more extended
time of active spore production suggests that these
beetles are not under the severe time restraints on
development of those that live on gilled mush-
rooms. As a result, they may have somewhat less
rapid developmental times or other features of the
life cycle may be more leisurely. However, this
supposition has yet to be confirmed.

These extremes of habitat features of general
types of mushrooms occupied by gyrophaenines
are joined by a range of more or less persistent
gilled mushrooms and more or less ephemeral
polypore mushrooms. These mushrooms have
their own distinctive gyrophaenine fauna com-
prised principally of a few species of Gyrophaena
and most Eumicrota.

It is particularly interesting that members of gy-
rophaenine lineages which specialize on one of
these mushroom types are seldom or never found
on fruiting bodies with significantly different hab-
itat characteristics. This suggests that features of
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the life cycle, structure, or physiology limit the
range of habitats among available mushrooms
which are usable by members of a gyrophaenine

species.

Interpretation of Setal Patterns

The general system used for discussion of de-
velopment and distribution of setae and associated
structures in this study is that of Ashe and Watrous
(1984), and nomenclature and abbreviations are
consistent with those used in their study. Chae-
totaxic characteristics are very stable at a variety
oftaxonomic levels, and distribution of setae, their
relative positions, and their relative development
provide numerous characters for description and
phylogenetic analysis. The chaetotaxic system de-
veloped by Ashe and Watrous (1984) provides a
framework within which these patterns can be ex-
amined and discussed.

The relatively reduced chaetotaxy of gyrophaen-
ine larvae, with extensive loss of typical setae and
sensilla, creates numerous problems in determin-
ing homology of setae. This problem primarily
results from the use by Ashe and Watrous (1984)
of characteristic setae and sensilla as reference
points for determining homologies of associated
chaetotaxic structures. It becomes much more dif-
ficult to do this confidently when many setae and
sensilla are absent and others are potentially in
unexpected positions. Therefore, misinterpreta-
tion and possible inaccuracies in assigning and
naming homologous setae may result both from
the relatively reduced chaetotaxy of gyrophaenines
as well as from the very incomplete knowledge of
chaetotaxy of other aleocharine larvae as a whole.
However, with this perspective in mind, initial
studies of larval chaetotaxy are required that use
an internally consistent system to provide the basis
for critique and discussion of both the overall pat-
tern of setal structures of aleocharine larvae and
the system itself.

This section is intended to clearly describe my
reasoning in establishing names and homologies
for setal structures on gyrophaenine larvae and to
provide the basis for review and possible subse-
quent modification.

Loss of setae and sensilla from the head of gy-
rophaenine larvae (figs. 1, 46) has resulted in par-
ticularly severe problems in interpretation of cra-
nial chaetotaxy. All frontal setae recognized by
Ashe and Watrous (1984) are present and can be

easily homologized; however, the frontal region
lacks campaniform sensillae. In the epicranial re-
gion, the dorsal row (Ed1-3) is complete with three
setae. The two setae immediately dorsal to the
ocellus are interpreted to represent the lateral row
(E1). The most anterior of these setae is interpre-
tated as Ell even though it is posterior to cam-
paniform sensilla Ecl rather than anterior to it as
indicated by Ashe and Watrous (1984). This im-
plies that the position of either the seta or sensilla
has shifted. If this interpretation is correct, then
seta El3 is absent. All four posterior setae (P1-4)
of the epicranial region are present and allow in-
terpretation of the associated campaniform sen-
silla present in some gyrophaenines as Ec3. The
seta immediately posterior to the ocellus repre-
sents the first seta of the marginal row (Em1). The
two posterior setae of the marginal row (Em2-3)
are absent. The two small to very small setae im-
mediately below or below and slightly behind the
ocellus are interpreted to represent the complete
temporal row (T 1-2), though these are slightly more
anterior and ventral in most gyrophaenine larvae
than similar setae of Atheta coriaria Kr. (Ashe &
Watrous, 1984). However, in specimens of Gy-
rophaena nana Payk., these setae are posterior to
the ocellus. The three most anterior and ventral
cranial setae of larval gyrophaenines represent the
setae of the lateral row (L1-3). In most, the most
anterior seta of this row (LL1) is anterior and ventral
to the ocellus and is significantly larger than other
setae in the lateral row of most gyrophaenine lar-
vae, though L1 is dorsal and slightly posterior to
L2 in larvae of Agaricochara laevicollis Kr. In all
gyrophaenine larvae examined, all campaniform
sensilla of the lateral cranial region and all ventral
setae and ventral campaniform sensilla are absent.
Chaetotaxy of legs of gyrophaenine larvae is
typical of that described for larvae of other aleo-
charines by Ashe and Watrous (1984), though dif-
ferences in relative size and robustness of setae are
apparent among larvae of different genera.
Chaetotaxy of thoracic and abdominal terga are
also significantly reduced from the more general-
ized pattern described in athetine larvae by Ashe
and Watrous (1984). On the pronotum, setae of
the anterior, lateral, and posterior rows can be
clearly homologized by referring to the character-
istically larger and more prominent setae of A2,
A4, L4, P2, and P4. These peripheral rows of setae
are complete with five setae in each row (fig. 9)
or, in some gyrophaenine larvae, two setae are
absent in the lateral row anterior to the very prom-
inent lateral seta L4 (fig. 55). The two lateral setae
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which are missing in these latter larvae are here
interpreted to be L2 and L3. If this assignment is
correct, L1 is placed somewhat more posteriorly
on the pronotum of most larvae in which L2 and
L3 are absent than on those which have the lateral
rows complete. This interpretation is supported
by the absence of L2 and L3 from the pronotum
of all first instar gyrophaenine larvae and most
other first instar aleocharine larvae.

Campaniform sensilla are represented on the
pronotum of late instar gyrophaenine larvae only
by Cl1, C3, and C6. These can be easily recognized
by their characteristic positions in relation to dis-
tinctive reference setae.

Discal setae of the pronotum of gyrophaenine
larvae examined are represented only by two setae
on each side of the midline in most, a medial and
a lateral seta. Complete lack of other reference
setae and campaniform sensilla in the discal region
ofthe pronotum make it very difficult to determine
the true homologies of these two setae. For pur-
poses of this study these medial and lateral discal
setae are interpreted to represent Da2 and Dc2,
respectively (fig. 9). A third more lateral seta on
the mesonotum, metanotum, and abdominal terga
of larvae of Agaricochara is similarly interpreted
to represent Dd2 (fig. 10). There are several rea-
sons for these designations. (1) These setae are in
characteristic positions in relation to setae of pos-
tertor and lateral rows, respectively, which are oc-
cupied by similar setae in larvae with more com-
plete discal setae (see Ashe & Watrous, 1984). (2)
This interpretation is consistent with the presence
of the meical transverse set (Da2-Dd2) of most
first instar aleocharine larvae. (3) It is consistent
with the serially homologous positions of these
two setae on more posterior segments. (4) This
interpretation does not conflict with presence of a
serially new seta (interpreted as Db3 in accordance
with Ashe & Watrous [1984]) in the posterior row
of abdominal terga I-VII. It is recognized that
interpretation of these discal setae in Da2, Dc2,
and Dd2 may prove to be incorrect when aleo-
charine larvae become better known; however, at
present, no other interpretation seems reasonable.

Discal setae Da2 and Dc2 of the pronotum are
interpreted as serially homologous with discal se-
tae in similar positions on more posterior terga.
In larvae of those gyrophaenines in which Da2 is
positioned in the posterior row of abdominal terga
I-VII (figs. 26, 41), determination of which pos-
terior seta represents Da?2 is facilitated by referring
to campaniform sensilla C6 and posterior seta P2
as markers.

The posterior row of abdominal terga I-VII has
an additional seta in the space between P3 and P4
which is not found on thoracic terga (fig. 11). This
seta is very tentatively interpreted as homologous
to that seta designated Db3 of athetine larvae by
Ashe and Watrous (1984). However, lack of any
serially homologous seta on thoracic terga of gy-
rophaenine larvae makes this interpretation un-
certain. It may subsequently prove better to des-
ignate this seta as of new origin (i.e., not
homologous to any of the characteristic discal se-
tae), though no presently available evidence sug-
gests this.

The chaetotaxic pattern of tergum VIII is mark-
edly affected by prolongation of the posteromedial
margin in association with the very well-devel-
oped tergal gland of gyrophaenine larvae (figs. 59,
60). If the two large setae of the posterior margin
are homologous with P2 and P4 and Ashe and
Watrous (1984) are correct in their interpretation
that the seta on each side of the posteromedial
lobe is a new addition (Pal), then the campani-
form sensilla near the base of the lobe is C6, P3
is absent, and Db3 is displaced anteriorly from its
normal position in the posterior row on more an-
terior abdominal terga. Ashe and Watrous (1984)
interpreted the brushlike seta in the posteromedial
lobe of gyrophaenine larvae as homologous to P1
of tergum VIII of other aleocharine larvae, an in-
terpretation that is followed here. Associated with
posteromedial elongation of the tergum, Da2 and
Dc2 form an oblique row, with Dc2 far anterior
to Da2.

Identification and Description
Late Instar Larvae of the Subtribe Gyrophaenina

DiaGNoOsIS—Among aleocharine larvae, im-
matures of the Gyrophaenina can be recognized
by the obliquely truncate mala of the maxilla with
numerous more or less closely spaced teeth or
spines (fig. 7) and an emarginate scale at the distal
apex (figs. 101-102); the broad, only slightly pro-
truded ligula; spinose sensory appendage of an-
tennomere 2; distinctive reduced chaetotaxy of
head (figs. 1, 46), thoracic terga (figs. 9-10, 55),
and abdominal terga (figs. 11, 57), particularly
presence of only discal setae Da2 and Dc2 and
campaniform sensilla Cl1, C3, and C6 on the
pronotum (fig. 9); markedly developed postero-
medial protuberance of abdominal tergum VIII
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associated with a well-developed tergal gland; ter-
gal gland reservoir large with internal ringlike
sclerotized supports and four sclerotized, singly to
doubly looped to more or less straight tubular gland
ducts (fig. 59); absence of hooks on the pseudopod
(fig. 15); and association with fresh mushrooms.

DEeSCRIPTION—General — Length of mature lar-
va, 1.1-4.2 mm. General body form elongate,
slightly flattened, or robust and broadly oval in
cross section, broadest at mesonotum and inter-
mediate abdominal segments. Color of mature lar-
va whitish to very light grayish brown dorsally,
with or without apical abdominal segments dark-
er. Microsculpture absent except for scattered mi-
cropoints on one or more sclerites of abdominal
segments [[I-X in some. Vestiture of long simple
setae.

Head —Length to width ratio various, range
0.72-1.1. Ocellus single on each side, small, in-
conspicuous (fig. 1) to relatively large and prom-
inent (fig. 82). Ecdysial sutures distinct and com-
plete to antennal fossae, or indistinct and not
attaining antennal fossae. Epicranial gland open-
ing present, distinctly developed. Setation re-
duced, E13, Em2-3, V11-3, and V1 absent. Cam-
paniform sensilla with only Ecl and, in some, Ec3
present. Antenna 3 articled, relative lengths of ar-
ticles various; sensory appendage of antennomere
2 spinelike, tapered uniformly from base to more
or less acute apex, about 1.0-2.0 times length of
constricted portion of antennomere 2; antenno-
mere 2 with solenidea IIS1 and IIS2 present, IIS3
present or absent, very small when present, IIS2
spinose, similar in size to IIS1 (fig. 3) or smaller
(fig. 18) or reduced to very small spinule (fig. 33),
IIS1 broadly rounded apically in most, less than
Y times length of sensory appendage; antenno-
mere 3 with three apicat solenidea (IIIS1-3) and one
subapical solenidea (IIIS4), solenidea not notice-
ably inflated or modified. Labrum as in Figure 5,
not divided posterolaterally into additional scler-
otized areas; setation with Ld1 and Ld2 setose but
smaller than other labral setae, setae not modified
to spinose or peglike structures. Epipharynx with
anteromedial concentration of sensory pores and
densely pubescent area on each side of midline;
distribution of sensory elements and patches dis-
tinctive (figs. 21, 50). Mandibles elongate, slender,
more or less acute apically, with single preapical
tooth; right and left more or less similar; adoral
surface simple, without serrations; laterally with
two small setae in basal half (fig. 2) or more distal
seta markedly reduced (fig. 47) and one campan-
iform near basal seta insertion. Maxilla as in Fig-

ures 7, 37, and 72; cardo large, more or less trans-
verse, incompletely divided medially by sclerotized
ridge; stipes elongate, more or less of uniform width
throughout; mala not delimited by desclerotized
region; mala more or less obliquely truncate, with
surface more or less densely covered with numer-
ous spines, spines small and very densely arranged
(fig. 22) or larger and less densely arranged (fig.
73); apical termination with emarginate foliose
scale (fig. 101); other spinose or bladelike scales
present ventrolaterally (fig. 38) or not (fig. 74),
adoral surface of mala flattened, with (fig. 74) or
without (fig. 53) scattered spinules laterobasally;
maxillary palpus of three palpomeres in addition
to incomplete basal palpifer, length of palpomeres
various, article 3 with digitiform sensory peg ba-
sally. Adoral surface of labium with or without
inwardly directed setose processes. Labium as in
Figures 4, 34, and 49; sclerites consisting of pre-
mentum and fused mentum and submental scler-
ites; ligula short and broad, broadly rounded or
truncate apically, slightly (fig. 34) or moderately
(fig. 69) or not (fig. 85) emarginate medially; labial
palps 2 articled, article 1 0.3-0.5 times length of
2, article 2 with apical spine large (fig. 19) or very
small (fig. 69).

Thorax—Pronotum (fig. 9) slightly sclerotized,
ecdysial suture distinct or slightly developed; se-
tation reduced, discal rows represented only by
Da2 and Dc2, lateral rows complete or L2 and L3
absent, accessory setae absent; campaniform sen-
silla reduced, C2, C4, and CS5 absent. Mesonotum
(fig. 10) with anterior border slightly sclerotized,
ecdysial suture distinct or slightly developed; se-
tation similar to pronotum except anterior row
present in slightly sclerotized anterior portion of
sclerite and reduced to spinose sockets, lateral se-
tae L2, L3, and, in some, LS absent, discal setae
Da2 and Dc2 present, of similar size (fig. 10), or
Dc2 markedly larger (fig. 40), Dd2 present or ab-
sent (in most). Metanotum similar to mesonotum.
Legs typical of subtribe, slender and elongate (fig.
42) or shorter and more robust (fig. 54).

Abdomen—Abdominal terga [-VII markedly
transverse, anterior margin slightly sclerotized,
pretergal gland well developed; setation with Da2,
Db3, and Dc2 present, Db3 in posterior row of
setae between P3 and P4, Da2 discal (fig. 10) or
in posterior row lateral to (fig. 41) or mesal to (fig.
26) campaniform sensilla C6; lateral seta L1 pres-
ent (fig. 11) or absent (fig. 57). Posterior margin
of abdominal tergum VIII markedly produced as
a broad lobe; tergal gland reservoir large, well de-
veloped, sclerotized with ringlike thickenings for
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support; ducts of tergal glands present as four scler-
otized tubes, tubes with a single loop (fig. 59) or
second loop slightly developed to complete (fig.
13) or loop obsolete (fig. 95); setation with seta P1
present as modified spatulate (fig. 30) or brushlike
(fig. 44) seta, posterior setae P3 and P5 absent.
Urogomphi 1 articled, 0.3-0.6 times length of ab-
dominal segment IX. Tergum X more orless short,
length of sclerotized portion less than total width.
Pseudopod slightly developed, without sclerotized
hooks.

Identification

Notes oN THE KEY—Most of the characteristics
used for separation of taxa in this key have not
been previously used in keys for identification of
aleocharine larvae. Therefore, they have not been
tested for general reliability. Though characters
used here are suitable for separation of the gyro-
phaenine larvae at hand, other characters may
prove more useful or reliable after additional taxa
and specimens have been compared. Under these
circumstances, the key to late instar larvae of the

genera of the Gyrophaenina provided here should
be considered provisional.

Many of the structural features used as major
key characters are small and/or difficult to see un-
less material is properly prepared and examined.
For most specimens, suitable slide mounts of lar-
vae (see Methods above) must be examined by
using compound optics.

Larvae of Gyrophaena, Phanerota, and Eumi-
crota are difficult to separate in a key. This is a
result both of the general similarity of larvae of
these genera and of the great structural and taxo-
nomic diversity included in the genus Gyro-
phaena. As a result, and in consideration of the
diversity of taxa of Gyrophaena which are not
known as larvae, couplets 4 and 5 may not ac-
curately identify all larvae of the genera encoun-
tered. If this proves to be true, the key will require
modification.

The key provided here is intended to be artificial
in that it has been developed solely for the pur-
poses of reliable identification. Similarities be-
tween the key and hypothesized cladistic relation-
ships among genera are a coincidental result of the
usefulness of phylogenetically meaningful features
for identification.

Key to Known Late Instar Larvae of Genera of the Subtribe Gyrophaenina

1.(2) Pronotal lateral setae L2 and L3 present (fig. 9); epicranial campaniform Ec3 present (fig. 1); ligula
slightly (fig. 4), moderately (fig. 34), or deeply emarginate (fig. 19); ligula with (figs. 19, 34) or
without (fig. 4) large, conspicuous setose sensilla on each side of midline; mala moderately (fig. 7)
to very densely (fig. 37) spinose, with distal spines only slightly (fig. 37) to moderately (fig. 7) larger
than proximal spines; apicolateral surface of mala with moderately (fig. 8) to well-developed (fig.
38) accessory spines, ribbon-like and/or spatulate scales ............... .. ..., 2

1. Pronotal lateral setae L2 and L3 absent (fig. 55); epicranial campaniform Ec3 absent (fig. 46); ligula
moderately (fig. 69), slightly, or not (fig. 49) emarginate; ligula without large, conspicuous setose
sensilla on each side of midline (fig. 69); mala slightly (fig. 73) to moderately (fig. 52) spinose, with
distal spines markedly larger than proximal spines (fig. 73); apicolateral surface of mala with accessory
scales not developed into elongate spines, ribbon-like and/or spatulate scales (fig. 74) ......... 4

2.(1) Head as long or longer than broad (1.0-1.1 times as long as broad) (fig. 1); ligula with small spinose
sensilla on each side of midline (fig. 4); mesonotum with discal seta Dd2 present (fig. 10); discal
seta Da2 of abdominal terga I-VII not in posterior row (fig. 11); posterior seta P1 of abdominal
tergum VIII spatulate, only slightly brushlike, apex finely serrate, serrations incised 0.05-0.07 times

length of seta (fig. 14) ....................

.............................. Agaricochara Kr.

2. Head moderately (fig. 31) to slightly (fig. 16) transverse (0.7-0.9 times as long as broad); ligula
with large, conspicuous setose sensilla on each side of midline (figs. 19, 34); mesonotum with discal
seta Dd2 absent (fig. 25); discal seta Da2 of abdominal tergum I-VII in posterior row (figs. 26,
41); posterior seta P1 of abdominal tergum VIII spatulate, only slightly brushlike (fig. 30), or broad

and very brushlike (fig. 44) ................

3.(2) Larva more or less robust, broadly oval in cross section; mala with distinct raised area of small
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4.(1)

4'.

5.(4)

5.

teeth in distal 0.2 (fig. 37); labium with seta at base of labial palpus very large (fig. 34); discal seta
Dc2 of mesonotum markedly larger (3.0-4.0 times) than Da2 (fig. 40); discal seta Da2 of abdominal
terga [-VII in posterior row between C6 and P2 (fig. 41); posterior seta P1 of abdominal tergum
VIII very broad, brushlike, apical serrations incised 0.3-0.5 times length of seta (fig. 44); urogom-
phus short, about 0.3 times length of tergum IX (fig. 45) Brachychara Sharp
Larva more or less dorsoventrally flattened, not robust or broadly oval in cross section; mala
without raised area of small teeth in distal 0.2 (fig. 22); labium with seta at base of labial palpus
only moderately developed (fig. 19); discal seta Dc2 of mesonotum only slightly larger (1.5-1.7
times) than Da2 (fig. 25); discal seta Da2 of abdominal tergum I-VII in posterior row between Pl
and C6 (fig. 26); posterior seta Pl of abdominal tergum VIII spatulate, only slightly brushlike,
apical serrations incised less than 0.05 times length of seta (fig. 30); urogomphus longer, 0.6-0.7
times length of tergum IX (fig. 28) ....... ... ... .. i, Agaricomorpha Ashe
Bulge of ocellus small to very small (fig. 66); ligula moderately (in most) (fig. 69) to very slightly
emarginate; base of adoral surface of mala with small patch of microspinules on each side of
midline (fig. 74) Gyrophaena Mannerheim
Bulge of ocellus very large (fig. 82) or very small (fig. 46); ligula not at all emarginate (fig. 49); base
of adoral surface of mala with broad lobe (fig. 89) or distinct papillate lobe (fig. 53) near insertion
of maxillary palpus, without microspinules laterally (fig. 53) or present only near proximolateral
border (fig. 89)
Mature larva 2.1-3.5 mm in length; bulge of ocellus very large (fig. 82); loop of abdominal gland
ducts obsolete, ducts almost straight (fig. 95); base of mala with microspinules near proximolateral
border (fig. 89) Phanerota Casey
Mature larvae 1.0-1.7 mm in length; bulge of ocellus small to very small (fig. 46); loop of abdominal
tergal gland ducts well developed (fig. 59); base of mala without microspicules (fig. 53)

...................................................................... FEumicrota Casey

..............................................

Late Instar Larvae of Agaricochara Kraatz
(Figures 1-15)

DEescripTiION—General —Length of mature lar-
va 2.1-2.4 mm. General body elongate, slightly
flattened, broadest at mesonotum and interme-
diate abdominal segments. Color of mature larva
whitish. Microsculpture absent. Vestiture of long
simple setae.

Head (Figure 1)—As long or longer than wide,
length to width ratio 1.0-1.1. Ocellus single on
each side, small. Ecdysial sutures well developed,
lateral arms attaining antennal fossae. Chaetotaxy
characteristic of subtribe; campaniform sensilla
typical of subtribe, Ec3 present. Antenna as in
Figure 3, 3 articled; relative lengths of articles with
article 1 1.2 times as wide as long, article 2 2.4
times as long as 1, article 3 0.6 times as long as 2;
sensory appendage spinelike, tapered uniformly
from base to more or less acute apex, about 2.0
times length of constricted portion of antennomere
2; antennomere 2 with solenidea 1IS1 and IIS2
present, [IS3 absent; IIS1 digitiform and rounded
at apex, about 0.5 times length of sensory append-
age, IIS2 spinose and filiform, 1.0-1.1 times length
of IIS1; solenidea of antennomere 3 spinose,

10

pointed apically, not enlarged or inflated. Labrum
asin Figure 5; setation with Ld1 and Ld2 of similar
size, moderate, not short and stubby. Epipharynx
as in Figure 6. Mandibles (fig. 2) with subapical
tooth moderately developed, broad lobe in molar
region moderately developed; more distal seta of
lateral pair present, only slightly smaller than very
small proximal seta. Maxilla (fig. 7) typical of sub-
tribe; mala (figs. 7-8) obliquely truncate with 5-6
rows of moderate to very small teeth, teeth slightly
larger distally and smaller more proximally; apex
of mala with single deeply emarginate foliose scale
distally; lateral surface of mala with several tooth-
like, spatulate and/or foliose scales (fig. 8); base of
adoral surface of mala with patch of 4-7 micro-
spinules laterally and 2-3 microspinules adorally
in available specimens; maxillary palpus as in Fig-
ure 7. Adoral surface of labium (hypopharynx)
with numerous, very fine, inwardly and anteriorly
directed hairlike processes on each side of midline.
Labium as in Figure 4; ligula very short, very
slightly protruded, about 0.4-0.5 times length of
labial palpus, very broad, truncate, and slightly
emarginate medially, apical emargination with
slight protruded process medially in some speci-
mens, with small spinose sensilla on each side of
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FiGs. 1-4. Agaricochara laevicollis Kraatz, larval instar III. 1, Head, dorsal aspect; 2, mandible, ventral aspect;
3, antenna, dorsal aspect; 4, labium, ventral aspect.
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FiGs. 5-8. Agaricochara laevicollis Kraatz, larval instar I11. §, Labrum, dorsal aspect; 6, labrum, adoral aspect
(epipharynx); 7, maxilla, ventral aspect; 8, mala of maxilla, dorsal aspect.
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FiGs. 9-11.

Agaricochara laevicollis Kraatz, larval instar I11. 9, Pronotum; 10, mesonotum; 11,abdominal tergum [.
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Fics. 12-15. Agaricochara laevicollis Kraatz, larval instar III. 12, Proleg, anterior aspect; 13, abdominal tergum
VIII; 14, brushlike seta, Pl of abdominal tergum VIII, detail; 15, abdominal terga IX-X.

14 FIELDIANA: ZOOLOGY




midline slightly proximal to apex; labial palpus 2
articled, article 1 about 0.7 times length of article
2, apical spine of article 2 small; seta near insertion
of labial palpus moderately developed.

Thorax —Pronotum (fig. 9) only slightly trans-
verse, broadest at base, moderately sclerotized;
chaetotaxy characteristic of subtribe; setation with
discal setae Da2 and Dc2 moderately developed,
lateral setae L2 and L3 present; ecdysial suture
moderately to well developed. Mesonotum (fig.
10) similar to pronotum, except anterior setae re-
duced to microtrichous pores in slightly sclero-
tized anterior portion of tergum; discal setae Da2,
Dc2, and Dd2 present, moderately developed, Dc2
only slightly longer than Da2; lateral setae L2, L3,
and L5 absent. Metanotum similar to mesonotum.
Legs as in Figure 12; femur length to width ratio
2.9-3.0.

Abdomen—Abdominal terga I-VII (fig. 11)
markedly transverse, anterior margin slightly
sclerotized, discal setae Da2, Dc2, and Dd2 pres-
ent, Da2 not in posterior row, Da2 and Dc2 similar
in size, Dd2 very small, Db3 in posterior row mesad
to P4. Abdominal tergum VIII (fig. 13) markedly
produced posteromedially as a broad, apically
subglobose lobe in association with well-devel-
oped tergal gland; chaetotaxy as in Figure 13, Da2
and Dc2 present, very small; posterior seta Pl
flattened, spatulate and slightly brushlike, apex
finely serrate, serrations incised about 0.05-0.07
times length of seta (fig. 14). Tergal gland reservoir
distinct, well developed, 1.1-1.3 times length of
tergum; gland ducts with single loop well devel-
oped and second loop slightly to completely de-
veloped. Abdominal tergum IX-X as in Figure 15;
urogomphus single articled, about 0.4 times length
of tergum.

MATERIAL EXAMINED—Agaricochara laevicollis
(Kraatz); 4, instar III, assoc.; Welwyn G.C., Ht.,
28/1/44, in P. versicolor, with A. laevicollis, W. O.
Steel, 107, used for description, I. M. White (BMNH):
Agaricochara laevicollis (Kr.); 5, instar III, det. J.
S. Ashe; Ash Wyke, Surr., 12.3.45, in woody fun-
gus on oak, E. A. J. Duffy, 4223, F. I. van Emden
collection (BMNH).

DiscussioN— Larvae of the genus Agaricochara
can be distinguished from those of all other known
gyrophaenines by the distinctive quadrate to
slightly elongate head and the relatively narrow
thoracic segments. They may also be distinguished
from larvae of Brachychara and Agaricomorpha
which they resemble in having a complete lateral
row of setae of the pronotum (L1-5), epicranial

campaniform Ec3 present, and similar features of
the mala of the maxilla, by the presence of discal
seta Dd2 on the pronotum and discal seta Da2 of
abdominal terga I-VII not in posterior row. They
further differ from larvae of these two genera by
having a pair of spinose sensillae rather than large
setiform sensillae on the ligula.

The phylogenetic relationships of Agaricochara
within the Gyrophaenina are problematic. Char-
acters of larvae available for phylogenetic analysis
may be interpreted either as suggesting that Aga-
ricochara is sister group to Agaricomorpha +
Brachychara or as indicating that it is sister group
to all available gyrophaenine taxa (see Phyloge-
netic Analysis). Neither of these hypotheses is
strongly supported; however, the former is ten-
tatively accepted here. This hypothesis is given
additional support if the small spinose sensillae
on the ligula of larvae of Agaricochara are inter-
preted as homologous to the setiform sensillae in
similar positions on the ligulae of larvae of Agar-
icomorpha and Brachychara. In this form the hy-
pothesis is similar to that tentatively accepted by
Ashe (1984) based on studies of adults.

White (1977), who based his studies of larvae
of Agaricochara laevicollis and Gyrophaena stric-
tula Er., suggested that Agaricochara should in-
clude members of the subgenus Phaenogyra
Scheerpeltz and Hofler of Gyrophaena. He based
this primarily on the presumed similarities be-
tween larvae of these two taxa. I was not able to
locate the larvae of G. strictula studied by White,
though those of A. laevicollis used by White “‘for
description” were located at the British Museum
(Natural History). Associated larvae of G. strictula
available to me did not confirm White’s findings.
Instead, they clearly indicated a relationship of
this latter species with Gyrophaena. In addition,
lack of apotypic features shared by larvae of Gy-
rophaena and related genera and Agaricochara and
the tentatively accepted hypothesis of a sister group
relationship of this latter genus with Agaricomor-
pha and Brachychara suggests that Agaricochara
should not be considered a subgenus of Gyro-
phaena as proposed by White. This provides sup-
port for similar findings based on studies of adult
characteristics (Ashe, 1984).

Larvae of Agaricochara laevicollis have been
found on Polyporus (=Coriolus) versicolor and a
woody fungus on oak. This confirms the breeding
and host association of members of Agaricochara
with woody or leathery mushrooms, primarily
polypores, on logs (see Ashe, 1984).
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Late Instar Larvae of Agaricomorpha Ashe
(Figures 16-30, 99)

DESCRIPTION — General —Length of mature lar-
va 1.7-2.3 mm. General body form elongate, more
or less parallel sided, slightly wider at intermediate
abdominal segments, slightly dorsoventrally flat-
tened. Color of mature larva whitish with scler-
otized portions of terga light gray-brown, abdom-
inal segments VIII-X slightly to moderately darker.
Microsculpture absent except for scattered micro-
points on terga VI-X, micropoints very loosely
organized into slightly developed rows in some
specimens.

Head (Figure 16)—Length to width ratio 0.8-
0.9. Ocellus single on each side, small, inconspic-
uous. Ecdysial sutures well developed, lateral arms
attaining antennal fossae. Chaetotaxy character-
istic of subtribe, campaniform sensilla Ec3 pres-
ent. Antenna as in Figure 18; 3 articled, relative
lengths of antennomeres of specimens of species
available, article 1 about as wide as long, 2 2.0
times length of 1, 3 0.7 times length of 2; sensory
appendage of antennomere 2 spinelike but slightly
rounded apically, 2.0-2.1 times length of con-
stricted portion of antennomere 2; antennomere
2 with solenidea IIS1 and IIS2 present, grouped
laterally near base of sensory appendage, 11S3 pres-
ent, minute, and spinose, IIS1 about 0.6-0.7 times
length of sensory appendage, subspinose, tapered
but slightly rounded apically, IIS2 spinose, about
0.4-0.5 times length of IIS1; solenidea of anten-
nomere 3 spinose, pointed apically, not enlarged
or inflated. Labrum as in Figure 20; chaetotaxy
with Ld1 and Ld2 moderately to well developed,
setose, not short and stubby, of similar size. Epi-
pharynx as in Figure 21. Mandioles (fig. 17) with
subapical tooth moderately well developed; broad
lobe in molar area very slightly developed to ab-
sent; more distal seta of laterobasal half present
as very small microtrichous pore, more proximal
seta very small to small. Maxilla (fig. 22) typical
of subtribe; mala obliquely truncate with 4-6 rows
of small to very small teeth, teeth larger distally
but not markedly so; apex of mala with single
deeply emarginate foliose scale distally; lateral sur-
face of mala with several toothlike, spatulate, and/
or foliose scales (fig. 23), lateral scales less prom-
inent in specimens of some species; base of adoral
surface of mala with small patch of microspinules
laterally on each side of midline, number and dis-
tribution of microspinules various in specimens
of different species; maxillary palpus as in Figure
22. Adoral surface of labium (hypopharynx) with
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numerous, very fine, inwardly and anteriorly di-
rected hairlike processes on each side of midline.
Labium as in Figure 19; ligula short, very slightly
protruded, less than 0.5 times length of labial pal-
pus, very broad, truncate, moderately deeply emar-
ginate medially into two short, broadly obtuse lat-
eral lobes apically or emargination more shallowly
incised, each lateral lobe finely and moderately
densely pubescent in apicolateral half, each lobe
with prominent to moderate sensilla within or lat-
eral to emargination on each side of midline; labial
palpus 2 articled, article 1 about 0.6 times length
of 2, apical spine of article 2 markedly developed;
seta near insertion of labial palpus moderately de-
veloped.

Thorax—Pronotum (fig. 24) transverse, mod-
erately sclerotized; chaetotaxy characteristic of
subtribe; setation with discal setae Da2 and Dc2
moderately to well developed; Dc2 about 1.2-1.5
times length of Da2, lateral setae .2 and L3 pres-
ent; ecdysial suture moderately well developed.
Mesonotum (fig. 25) similar to pronotum except
anterior setae reduced to microtrichous pores in
slightly sclerotized anterior portion of tergum; dis-
cal setae Da2 and Dc2 present, Dc2 about 1.5-1.7
times length of Da2, Dd2 absent; lateral setae L2
and L3 absent, L5 present. Metanotum similar to
mesonotum. Legs as in Figure 27; relatively long
and slender, femur length to width ratio 3.1-3.3.

Abdomen —Abdominal terga I-VII (fig. 26) very
markedly transverse, anterior margin slightly
sclerotized, discal setae Da2, Db3, and Dc2 pres-
ent, Da2 slightly developed, in posterior row be-
tween P1 and C6, Db3 moderately developed, in
posterior row between P3 and P4, Dc2 slightly
developed, discal; lateral seta L1 present. Abdom-
inal tergum VIII (fig. 29) markedly produced pos-
teromedially as broad lobe in association with well-
developed tergal gland; chaetotaxy as in Figure 29,
Da2 and Dc2 present as very small microtrichous
pores; posterior seta P1 flattened, slightly brush-
like, apex finely serrate, serrations incised less than
0.05 times length of seta (fig. 30). Tergal gland
reservoir distinct, well developed, 0.7-0.9 times
length of tergum; gland ducts with single loop ir-
regularly developed or with partial second loop.
Abdominal tergum IX-X as in Figure 28; urogom-
phus single articled, relatively long, 0.6-0.7 times
length oftergum IX. Pseudopodium without hooks.

MATERIAL EXAMINED—Agaricomorpha apa-
cheana (Seevers); 12, all instars, assoc.; New Mex-
ico, 2.3 mi NE Cloudcroft, July 12, 1976, J. S.
Ashe, ex Fomitopsis pinicola: Agaricomorpha
apacheana (Seev.); 17, all instars; New Mexico,
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Fics. 16-19. Agaricomorpha apacheana (Seevers), larval instar II1. 16, Head, dorsal aspect; 17, mandible, ventral
aspect; 18, antenna, dorsal aspect; 19, labium, ventral aspect.
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Fics. 20-23. Agaricomorpha apacheana (Seevers), larval instar II1. 20, Labrum, dorsal aspect; 21, labrum, adoral
aspect (epipharynx); 22, maxilla, ventral aspect; 23, detail of mala of maxilla, dorsal aspect.
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FiGs. 24-26. Agaricomorpha apacheana (Seevers), larval instar II1. 24, Pronotum; 25, mesonotum; 26, abdominal
tergum I.
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Figs. 27-30. Agaricomorpha apacheana (Seevers), larval instar 111, 27, Proleg, anterior aspect; 28, abdominal
terga 1X-X; 29, abdominal tergum VIII; 30, brushlike seta, P1 of abdominal tergum VIII, detail.

0.7 mi E Cloudcroft, September 28, 1975, J. S.
Ashe, ex polypore on conifer log: Agaricomorpha
undes. sp. 1 (very near A. apacheana); 23, all in-
stars, assoc.; New Mexico, Bernadillo Co., Cibola
Natl. For., Sandia Mtns., 14.6 mi N Cedar Crest,
rd. 536, August 4, 1983, J. S. Ashe, ex Fomes
fomentarius: Agaricomorpha undes. sp. 1; 17, all
instars, assoc.; Arizona, Coconino Natl. For., San
Francisco Peaks, 11 mi NW Flagstaff, Snowbowl
rd., July 19, 1983, J. S. Ashe, ex Fomes fomen-
tarius: Agaricomorpha undes. sp. 2; 8, instar III,
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assoc.; Mexico, Chiapas, 13.6 km SE Toliman,
1600 m elev., July 11, 1979, J. S. Ashe, ex poly-
pore on log: Agaricomorpha undes. sp. 3; 23, all
instars, assoc.; Mexico, Jalisco, E slope Nevado
de Colima, 9300’ elev., IX-21-1973, ex Gano-
derma(?) on dead Abies, A. Newton (MCz): Agar-
icomorpha undes. sp. 4; 36, all instars, assoc.; Ar-
izona, Pima Co., Bogs Springs, August 11, 1978,
M. A. lvie, coll., ex Polyporus sp. (prob. P. arcu-
larius).

DiscussioN—Among gyrophaenine larvae, those
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of Agaricomorpha can be distinguished from those
of Brachychara, which they resemble in mouth-
part structure and chaetotaxic features, by the
characters in the key. Particularly distinctive among
these is the more flattened body, presence of Da2
of abdominal terga I-VI1I in posterior row between
Pl and C6, spatulate rather than brushlike pos-
terior seta P1 ofabdominal tergum VIII, and much
longer urogomphi.

Apotypic features of larvae of Agaricomorpha
provide strong evidence that this genus is the sister
group to Brachychara. This conclusion is primar-
ily a result of similarities of the mala of the max-
illa, position of Da2 of abdominal terga I-VII in
posterior row, and prominent setose sensillae on
the ligula of larvae of both genera. This sister group
relationship based on larval characteristics par-
allels that hypothesized by Ashe (1984) based on
adult features. Apomorphic features shared by these
two genera in combination with the paucity of
apotypic features uniquely shared between larvae
of Agaricomorpha and Agaricochara strongly sup-
port Ashe’s (1984) decision to separate the known
New World taxa then placed in Agaricochara into
a new genus, Agaricomorpha.

Larvae of Agaricomorpha have been collected
in association with adults from fruiting bodies of
Fomitopsis pinicola, Fomes fomentarius, Gano-
derma(?) sp. and Polyporus sp. (prob. P. arcular-
ius), and other woody polypores on logs. Members
of the genus appear to be limited to these woody
or leathery polypore mushrooms on logs (see also
Ashe, 1984). North American species are partic-
ularly common on various woody conk-forming
mushrooms such as species of Ganoderma, Fo-
mitopsis, and Fomes.

Larvae of Agaricomorpha have not been pre-
viously described.

Late Instar Larvae of Brachychara Sharp
(Figures 31-45, 97-98)

DEescripTION —General — Length of mature lar-
va 2.0-2.4 mm. General body form elongate, more
or less parallel sided, robust, broadly oval in cross
section. Color of mature larvae of available species
whitish with terga light brown, abdominal tergum
1lighter, whitish, sclerites of abdominal terga VII-
X darker brown. Microsculpture absent except for
very faint micropoints in distinct very short rows
on sclerites of abdominal segments VII-X. Ves-
titure of long simple setae.

Head (Figure 31)—Length to width ratio of

specimens of available species 0.8. Ocellus single
on each side, small, inconspicuous. Ecdysial su-
tures well developed, distinct, lateral arms attain-
ing antennal fossae. Chaetotaxy characteristic of
subtribe, campaniform sensilla Ec3 present. An-
tenna as in Figure 33, 3 articled, relative lengths
of articles of specimens of species available, article
1 about as long as wide, article 2 2.6 times as long
as 1, article 3 0.5 times as long as 2; sensory ap-
pendage of antennomere 2 elongate, spinelike,
about 1.6 times length of constricted portion of
article 2; antennomere 2 with solenidea I1IS1 and
1IS2 present, IIS3 present, minute, and spinose,
IIS1 moderately spinose, apex more or less acute,
prominent, about 0.7 times length of sensory ap-
pendage, 1IS2 spinose, present as very small spi-
nule, about 0.1-0.2 times length of 1I1S2; solenidea
of article 3 spinose, of similar size, not inflated or
enlarged. Labrum as in Figure 36; chaetotaxy with
Ldl and Ld2 well developed, of similar size, se-
tose. Epipharynx as in Figure 35. Mandibles (fig.
32) with subapical tooth moderately developed;
lobe in molar area very slightly developed or ab-
sent; more distal seta of lateral half present as
microtrichous pore, more proximal seta moder-
ately developed. Makxilla (fig. 37) typical of sub-
tribe; mala obliquely truncate with 8-10 rows of
very small teeth in proximomedial 0.8 and a dis-
tinct raised area of small teeth in distal 0.2, more
distal teeth not markedly larger than proximal teeth
(fig. 37); apex of mala with single deeply emargin-
ate foliose scale apically; lateral and apical surface
of mala with several scalelike and more or less
foliose lobes, teeth, or spatulate structures (fig. 38);
base of adoral surface of mala with a few scattered
microspicules near base of palpus and near me-
diolateral margin; maxillary palpus as in Figure
37. Adoral surface of labium (hypopharynx) with
numerous, very fine, inwardly directly hairlike
processes on each side of midline. Labium as in
Figure 34; ligula short, very slightly protruded, less
than 0.5 times length of labial palpus, very broad,
truncate and broadly emarginate medially into two
short lateral lobes apically, each lobe with prom-
inent setose sensilla apicomedially and very small
microspinose sensilla in emargination on each side
of midline; labial palpus 2 articled, article 1 about
0.6 times length of article 2, apical spine markedly
developed; seta near insertion of labial palpus large,
prominent.

Thorax —Pronotum (fig. 39) transverse, mod-
erately sclerotized; chaetotaxy characteristic of
subtribe; setation with discal setae Da2 and Dc2
moderately to well developed, Dc2 about 2.0 times
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FiGs. 31-34. Brachychara species 1, larval instar II1. 31, Head, dorsal aspect; 32, mandible, ventral aspect; 33,
antenna, dorsal aspect; 34, labium, ventral aspect.
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FiGs. 35-38. Brachychara species 1, larval instar II1. 35, Labrum, adoral aspect (epipharynx); 36, labrum, dorsal
aspect; 37, maxilla, ventral aspect; 38, mala of maxilla, detail, dorsal aspect.
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Brachychara species 1, larval instar I11. 39, Pronotum; 40, mesonotum; 41, abdominal tergum I.
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FiGs. 39-41.
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FiGs. 42-45. Brachychara species 1, larval instar II1. 42, Proleg, anterior aspect; 43, abdominal tergum VIII; 44,
brushlike seta, P1 of abdominal tergum VIII, detail; 45, abdominal terga IX-X.
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length of Da2, lateral setae L2 and L3 present;
ecdysial suture well developed, prominent. Meso-
notum (fig. 40) similar to pronotum except ante-
rior setae reduced to microtrichous pores in slight-
ly sclerotized anterior portion of tergum; discal
setac Da2 and Dc2 present, Da2 slightly devel-
oped, Dc2 very large, 3.0-4.0 times length of Da2,
Dd2 absent; lateral setae L2 and L3 absent, L5
absent. Metanotum similar to mesonotum. Legs
as in Figure 42; relatively long and slender, femur
length to width ratio 3.9-4.0.

Abdomen— Abdominal terga I-VII (fig. 41) very
markedly transverse, anterior margin slightly
sclerotized; discal setae Da2, Db3, and Dc2 pres-
ent, Da2 moderately developed, in posterior row
between C6 and P2, Db3 moderately developed,
in posterior row between P3 and P4, Dc2 slightly
developed, discal; lateral seta L1 present. Abdom-
inal tergum VIII (fig. 43) markedly produced pos-
teromedially as a broad lobe in association with
well-developed tergal gland; chaetotaxy as in Fig-
ure 43, Da2 present as pore, Dc2 very small, pres-
ent as microtrichous pore; posterior seta P1 brush-
like, very broad with numerous serrations,
serrations incised 0.3-0.5 times length of seta (fig.
44). Tergal gland reservoir distinct, well devel-
oped, about 1.0 times length of tergum VIII; gland
ducts with single loop irregularly developed (fig.
43). Abdominal terga IX-X as in Figure 45; uro-
gomphi single articled, short, about 0.3 times length
of tergum IX. Pseudopodium without hooks.

MATERIAL EXAMINED— Brachychara sp. 1; 47,
all instars, assoc.; Panama, Canal Zone, Cerro Ga-
lera, 1000’ elev., VI-23-1976, A. Newton, on sur-
face white polypore tree fungus (Mcz): Brachy-
chara sp. 2; 3, instar 111, assoc.; Mexico, Veracruz,
3.1 mi W Sontecomapan, May 7, 1977, tropical
deciduous association, 200 m elev., J. S. Ashe, ex
leathery, shelving polypore on log.

DiscussioN— Larvae of Brachychara can be dis-
tinguished from those of Agaricomorpha, which
they resemble, and from those of all other gyro-
phaenines by characters in the key. Particularly
distinctive among Brachychara larvae are the ro-
bust body form, the distinctive raised area of small
teeth in distal 0.2 of the mala, presence of discal
seta Da2 of abdominal terga I-VII in posterior
row between C6 and P2, posterior seta P1 of ab-
dominal tergum VIII very broad and brushlike,
and the very short urogomphi. In addition to these
features, abdominal tergum I of all late instar lar-
vae of Brachychara examined were distinctly paler
than other terga. This gives the impression that
these larvae are transversely crossed by a light
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band behind the thorax. No other gyrophaenine
larvae examined had this feature.

Larvae of Brachychara, and to a lesser extent
those of Agaricomorpha and Agaricochara, are un-
usual in that though they exhibit a diversity of
plesiotypic characteristics, particularly in chaeto-
taxic features, in comparison with Gyrophaena and
related genera, they have the most complex and
presumably highly derived mouthparts among
known gyrophaenine larvae. They are consider-
ably more complex than those of Gyrophaena and
related genera both in number and density of spines
on the mala as well as in elaboration of spinelike
and spatulate scales associated with the distolat-
eral surface of the mala (see Structural Features).
Such highly derived features may be associated
with requirements of the host substrate.

Both larvae and adults of Brachychara have been
collected in association with leathery and woody
polypore mushrooms on logs. Other data (Ashe,
1984, unpubl. data) indicate that members of
Brachychara are characteristic inhabitants of such
fungi.

Immatures of Brachychara have not been pre-
viously described.

Late Instar Larvae of Eumicrota Casey
(Figures 46-65, 102)

DEescrIPTION —General — Length of mature lar-
va 1.1-1.7 mm. General body form elongate,
slightly flattened, broadest at intermediate abdom-
inal segments. Color of mature larva whitish with
sclerites of abdominal segments VII-X dark brown
in specimens of species examined. Microsculpture
absent except for micropoints on terga and sterna
of abdominal segments IX-X, micropoints in dis-
tinct but very short straight to semilunulate rows
or scattered. Vestiture of long simple setae.

Head (Figure 46) — Length to width ratio among
specimens of available species 0.7-0.8. Ocellus
single on each side, small to very small, incon-
spicuous. Ecdysial sutures slightly developed, lat-
eral arms attaining antennal fossae. Chaetotaxy
characteristic of subtribe, campaniform sensilla Ec3
absent. Antenna as in Figure 48, 3 articled, relative
lengths of articles various in specimens of different
species; sensory appendage on antennomere 2
elongate, very slender, spinelike, about 2.1-2.3
times as long as constricted portion of article 2;
antennomere 2 with solenidea IIS1 and IIS2 pres-
ent, IIS3 present, very minute and spinose, 11S1
digitiform and slightly rounded at apex, 0.30-0.45
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FiGs. 46-49. Eumicrota corruscula (Erichson), larval instar III. 46, Head, dorsal aspect; 47, mandible, ventral
aspect; 48, antenna, dorsal aspect; 49, labium, ventral aspect.
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FiGs. 50-53. Eumicrota corruscula (Erichson), larval instar I111. 50, Labrum, adoral aspect (epipharynx); 51, labrum,
dorsal aspect; 52, maxilla, ventral aspect; 53, mala of maxilla, detail, dorsal aspect.
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Fics. 54-56. Eumicrota corruscula (Erichson), larval instar III. 54, Proleg, anterior aspect; 55, pronotum; 56,
mesonotum.
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FiGs. 57-61. Eumicrota corruscula (Erichson), larval instar I11. 57, Abdominal tergum I; 58, abdominal terga IX-
X; 59, tergal gland reservoir of abdominal segment VIII, detail; 60, abdominal tergum VIII; 61, brushlike seta, Pl

of abdominal tergum VIII, detail.
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FiGs. 62-65. Eumicrota cornuta Casey, larval instar 11I. 62, Labrum, adoral aspect (epipharynx); 63, labium,
ventral aspect; 64, mala of maxilla, ventral aspect; 65, mala of maxilla, dorsal aspect.
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times length of sensory appendage, 1IS2 spinose,
0.9-1.0 times length of IIS1; solenidea of anten-
nomere 3 spinose, pointed apically, not enlarged
or inflated. Labrum as in Figure 51; setation with
Ldl and Ld2 of similar size, moderately devel-
oped, setose. Epipharynx as in Figures 50 and 62.
Mandibles (fig. 47) with subapical tooth moder-
ately developed; lobe in molar area slightly de-
veloped; more distal seta in lateral basal half re-
duced to pore, more proximal seta small. Maxilla
(fig. 52) typical of subtribe; mala (figs. 52, 64)
obliquely truncate with 4-5 rows of moderate to
small teeth, teeth largest distally and smaller more
proximally; apex of mala with deeply emarginate
foliose scale distally; lateral surface of mala with
4-5 moderate scalelike teeth or lobes externally
(figs. 53, 65); base of adoral surface of mala with
small to large papillate lobe laterally near palpus
insertion and without microspinules near medial
border (figs. 53, 65); maxillary palpus as in Figure
52, relative lengths of articles various among spec-
imens of different species. Adoral surface of la-
bium (hypopharynx) with numerous inwardly di-
rected hairlike processes on each side of midline.
Labium as in Figures 49 and 63; ligula short, slightly
protruded, length equal to or less than length of
labial palpus, truncate and slightly rounded api-
cally, not or only very slightly emarginate apically,
without prominent spinose or setose sensilla on
each side of midline, with (fig. 63) or without (fig.
49) apical peglike sensory elements; lateral surface
of ligula with numerous fine hairs; labial palpus 2
articled, article 1 less than 0.5 times length of 2,
apical spine slightly developed; seta near insertion
of labial palpus small to moderate in size.

Thorax—Pronotum (fig. 55) transverse, mod-
erately sclerotized; chaetotaxy characteristic of
subtribe; setation with discal setae Da2 and Dc2
moderately to well developed, of similar size, lat-
eral setae L2 and L3 absent; ecdysial suture faint
to moderately developed. Mesonotum (fig. 56)
similar to pronotum except anterior setae reduced
to microtrichous pores in slightly sclerotized an-
terior portion of tergum; discal setae Da2 and D¢2
present, well developed, of similar size, Dd2 ab-
sent; lateral setae L2, L3, and L5 absent. Meta-
notum similar to mesonotum. Legs as in Figure
54; relatively short and stocky, femur length to
width ratio 2.0-2.4.

Abdomen —Abdominal terga I-VII (fig. 57)
markedly transverse, anterior margin slightly
sclerotized; discal setae Da2, Db3, and Dc2 pres-
ent, well developed, of similar size, Da2 not in
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posterior row, Db3 in posterior row between P3
and P4; lateral seta L1 absent. Abdominal tergum
VIII (fig. 60) markedly produced posteromedially
as broad lobe in association with well-developed
tergal gland; chaetotaxy as in Figure 60, discal seta
Da2 reduced to pore, Dc2 present, slightly devel-
oped; posterior seta Pl brushlike, serrations in-
cised 0.35-0.45 times length of seta (fig. 61). Tergal
gland reservoir distinct, well developed, about as
long as length of tergum VIII; gland ducts with
markedly developed loop (fig. 59). Abdominal ter-
ga IX-Xas in Figure 58; urogomphi single articled,
about 0.5-0.6 times length of tergum IX. Pseu-
dopodium without hooks.

MATERIAL EXAMINED— Eumicrota cornuta Ca-
sey; 10, instar IIlI, assoc.; Dominican Republic,
Barahona, 30-V-80, ex Pleurotus calyx (Speg.)
Sing., 4200’ elev., coll. G. Mazurek: Eumicrota
corruscula (Erichson); > 500, all instars, assoc.;
Illinois, Cook Co., Palos Hills, 26-VI-82, L. E.
Watrous, ex Polyporus sp. (near P. alveolaris): Eu-
microta spinosa (Seevers); > 400, all instars, as-
soc.; New Mexico, Santa Fe Co., Sangre de Cristo
Range, 6.5 mi NE Santa Fe, hwy 475, July 28,
1984, J. S. Ashe, ex brown, fan-like polypore on
ground under conifers.

DiscussioNn—Larvae of Eumicrota can be dis-
tinguished from those of all other gyrophaenines
by characters in the key. Among members of the
“Gyrophaena” lineage, larvae of which are very
similar, known larvae of Eumicrota may be dis-
tinguished from those of Phanerota, which they
most closely resemble, by their smaller size, small-
er ocellus, and proximolateral border of mala
without microspinules. In addition, separation of
known hosts of these two genera aids in identifi-
cation of similar larvae. Larvae of Phanerota are
known only from fleshy gilled mushrooms, where-
as those of Eumicrota are known only from fleshy
polypores or more persistent gilled mushrooms on
logs. Although knowledge of host ranges of mem-
bers of these two genera is admittedly very incom-
plete, all available evidence from both larval and
adult collection records suggests that the range of
preferred hosts of members of these two genera is
within different host types (see Ashe, 1984). A
further distinctive characteristic of late instar lar-
vae of E. corruscula (Erichson) and E. cornuta
Casey is the conspicuously dark brown color of
abdominal segments VIII-IX, a feature not found
among other known gyrophaenine larvae.

Based on larval characteristics, Eumicrota is hy-
pothesized to be the sister group of Phanerota;
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however, adult features do not support this sup-
position (see discussion under Phanerota, Phylo-
genetic Analysis).

Both adults and larvae of Eumicrota have been
most commonly collected on fleshy to leathery
polypores, though those of E. cornuta were found
on a persistent gilled mushroom on a log.

Larvae of Eumicrota have not been previously
described.

Late Instar Larvae of Gyrophaena Mannerheim
(Figures 66-81, 100-101)

DEescrIPTION —General — Length of mature lar-
va 2.3-4.2 mm. General body form elongate,
slightly flattened, broadest at mesonotum and in-
termediate abdominal segments. Color of mature
larva white to light gray-brown dorsally. Micro-
sculpture absent or with scattered micropoints on
various terga of abdominal segments III-X. Ves-
titure of long simple setae.

Head (Figure 66) —Length to width ratio var-
ious among specimens of available species, range
0.72-0.89. Ocellus single on each side, small to
very small, inconspicuous. Ecdysial sutures slight-
ly to well developed, lateral arms attaining anten-
nal fossae. Chaetotaxy characteristic of subtribe;
campaniform sensilla typical of subtribe, Ec3 ab-
sent. Antenna as in Figure 68, 3 articled; relative
lengths of articles various in specimens of different
species; sensory appendage on antennomere 2
elongate, spinelike, tapered uniformly from base
to more or less acute apex, slightly curved in spec-
imens of a few species, about 0.7-1.2 times length
of constricted portion of antennomere 2; anten-
nomere 2 with solenidea IIS1 and IIS2 present,
1IS3 present, very small to minute and spinose,
IIS1 digitiform and rounded at apex, 0.25-0.50
times length of sensory appendage, IIS2 spinose,
0.25-0.65 times length of IIS1; solenidea of an-
tennomere 3 spinose, pointed apically, not en-
larged or inflated. Labrum as in Figure 70; setation
with Ld1 and Ld2 of similar size, relatively short
and stubby, or more normal sized. Epipharynx as
in Figure 71. Mandibles (fig. 67) with subapical
tooth moderately developed, broad lobe in molar
area slightly developed; more distal seta of lateral
basal half reduced to pore, more proximal seta
very small. Maxilla (fig. 72) typical of subtribe;
mala (figs. 73-74) obliquely truncate with 3—4 rows
of moderately large to small teeth, teeth markedly
larger distally and smaller more proximally; apex

of mala with single deeply emarginate foliose scale
distally; lateral surface of mala without additional
scalelike teeth, lobes, or spatulate structures; base
of adoral surface of mala with small patch of mi-
crospinules on each side of midline (fig. 74), num-
ber of microspinules various in specimens of dif-
ferent species; maxillary palpus as in Figure 72,
relative lengths of articles various in specimens of
different species. Adoral surface of labium (hy-
popharynx) various, with few to many inwardly
directed hairlike processes. Labium as in Figure
69; ligula short, slightly protruded, not as long or
only slightly longer than labial palpus, broadly
rounded, slightly to moderately emarginate api-
cally, without prominent spinose or setose sensilla
on each side of midline, without apical peglike
sensilla, lateral surface without numerous fine hairs;
labial palpus 2 articled, article 1 less than 0.5 times
length of 2, apical spine slightly to moderately
developed; seta near insertion of labial palpus very
small to present as microtrichous pore.
Thorax—Pronotum (fig. 75) transverse, mod-
erately sclerotized; chaetotaxy characteristic of
subtribe; setation with discal setae Da2 and Dc2
of similar size, lateral setae L2 and L3 absent;
campaniform sensilla C1 present or absent; ec-
dysial suture faint or moderately developed.
Mesonotum (fig. 76) similar to pronotum except
anterior setae reduced to microtrichous pores in
slightly sclerotized anterior portion of tergum; dis-
cal setae Da2 and Dc2 present, well developed, of
similar size, Dd2 absent; lateral setae L2, L3, and
L5 absent. Metanotum similar to mesonotum. Legs
as in Figure 77; relatively short and stocky, femur
length to width ratio 2.0-2.5, various among spec-
imens of different species.
Abdomen—Abdominal terga I-VII (fig. 78)
markedly transverse, anterior margin slightly
sclerotized; discal setae Da2, Db3, and Dc2 pres-
ent, well developed, of similar size, Da2 not in
posterior row, Db3 in posterior row between P3
and P4. Abdominal tergum VIII (fig. 80) markedly
produced posteromedially as broad lobe in asso-
ciation with well-developed tergal gland; chaeto-
taxy as in Figure 80, Da2 and Dc2 present, mod-
erately developed; posterior seta P1 brushlike,
deeply divided 0.7-0.9 distance to base into thin
filamentus lobes (fig. 81) or serrations less deeply
incised (0.5-0.7 distance to base). Tergal gland
reservoir distinct, well developed, 0.35-1.1 times
length of tergum VIII; gland ducts with single well-
developed loop. Abdominal tergum IX-X as in
Figure 79. Urogomphi single articled, about 0.5~
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FiGs. 66-70. Gyrophaena nana Paykull, larval instar III. 66, Head, dorsal aspect; 67, mandible, ventral aspect;
68, antenna, dorsal aspect; 69, labium, ventral aspect; 70, labrum, dorsal aspect.

34 FIELDIANA: ZOOLOGY



Fics. 71-74. Gyrophaena nana Paykull, larval instar III. 71, Labrum, adoral aspect (epipharynx); 72, maxilla,
ventral aspect; 73, mala of maxilla, ventral aspect; 74, mala of maxilla, dorsal aspect.
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FiGs. 75-77. Gyrophaena nana Paykull, larval instar IIL. 75, Pronotum; 76, mesonotum; 77, proleg, anterior
aspect.
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FiGs. 78-81.

0.1 mm

80

0.05 mm

81

Gyrophaena nana Paykull, larval instar III. 78, Abdominal tergum I; 79, abdominal terga IX-X;

80, abdominal tergum VIII; 81, brushlike seta, P1 of abdominal tergum VIII, detail.

0.7 times length of tergum IX, various in speci-
mens of different species. Pseudopodium without
hooks.

MATERIAL EXAMINED— Gyrophaena affinis
Sahlberg; > 100, all instars, assoc.; New Mexico,
Santa Fe Co., Sangre de Cristo Range, 6.5 mi. NE

Santa Fe, hwy 475, mixed conifer association, July
28, 1984, J. S. Ashe, ex Collybia sp.: Gyrophaena
affinis Sahlb.; 6, instar I, ex ovo; Canada, Al-
berta, Edmonton, S bank North Sask. River, June
16, 1976, J. S. Ashe, ex Collybia sp.: Gyrophaena
affinis Sahlb.; 17, all instars, assoc.; Canada, Al-
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berta, Edmonton, S bank North Sask. River, June
26, 1976, J. S. Ashe, ex Collybia cylindrospora:
Gyrophaena arizonae Seevers; 3, instar I1I, assoc.;
Arizona, Coconino Co., Coconino Natl. For., Mo-
gollon Mesa, 23.5 mi N Payson, hwy 87, August
7, 1983, J. S. Ashe, ex Polyporus sp.. Gyrophaena
barbari Seevers; 4, instar 111, assoc.; Arizona, Nav-
ajo Co., Sitgraves Natl. For., 47.8 mi E Payson,
hwy 260, August 6, 1983, J. S. Ashe, ex Corti-
nariaceae: Gyrophaena gentilis Erichson; 37, all
instars, assoc.; Kent, Lyminge Forest, ex Tricho-
lomopsis rutilans, 21.1X.1974, 1. M. White (BMNH):
Gyrophaena keeni Casey;, 44, instar 11, reared;
Canada, Alberta, Swan Hills, 54°42'N 115°49'W,
3750’ elev., August 10, 1977, J. S. Ashe, ex Phol-
iota terrestris. Gyrophaena nana Paykull; 23, in-
star III, reared; Canada, Alberta, George Lake,
53°57'N 114°06'W, July 24, 1979, J. S. Ashe, ex
Cortinarius sp.. Gyrophaena pulchella Heer; 58,
instar I11, assoc.; Kinloch, Rhum, 26/8/81, fungus
(BMNH): Gyrophaena sp. (prob. G. modesta Casey)
(pulchella group); >100, all instars, assoc.; Can-
ada, Alberta, George Lake, 53°57'N 114°06'W,
August 5, 1977, J. S. Ashe, ex Clitocybe sp.: Gy-
rophaena sp. (pulchella group); 7, instar II1, assoc.;
Canada, Alberta, George Lake, 53°57'N 114°06'W,
August 11, 1977, J. S. Ashe, ex Clitocybe sp.: Gy-
rophaena simulans Casey; 14, instar III, assoc.;
Texas, Brazos Co., College Station, November 23,
1975, J. S. Ashe, ex Tricholoma sp. (prob. T. sul-
Sfureum). Gyrophaena undes. sp. 1 (coniciventris
group); 3, instar IIl, assoc.; Mexico, Chiapas, 9.0
km W San Cristobal, hwy 190, June 29, 1979, oak-
pine assoc., 2390 m elev., J. S. Ashe, ex Corti-
narius sp.: Gyrophaena undes. sp. 2 (coniciventris
group); 1, instar I, 2, instar III, assoc.; Arizona,
Coronado Natl. For., Chiricahua Mtns., Pinery
Canyon Campegrd., August 5, 1976, J. S. Ashe, ex
Russula sp.: Gyrophaena (Phaenogyra) strictula
Erichson; 13, all instars, assoc.; England, Ashtead
Woods, Surrey, 27.5.47, ex Lenzites-like fungus,
F. v. Emden (BMNH): Gyrophaena (Phaenogyra)
subnitens Casey; 18, all instars, ex ovo; Canada,
Alberta, George Lake, 53°57'N 114°06'W, June
12, 1980, J. S. Ashe, ex small, stemmed Lentinus
sp.

DiscussioN—The great taxonomic and struc-
tural diversity exhibited by adults of the genus
Gyrophaena is reflected in the structural variation
found among larvae. Therefore, immatures of this
genus are the most difficult to characterize of any
known gyrophaenine genus. Larvae of Gyro-
phaena are similar to those of Phanerota and Eu-
microta in that they share a number of similarly
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derived chaetotaxic features and they have similar
structures of the mala of the maxilla. They may
be distinguished from these latter genera by the
features listed in the key. A particularly distinctive
characteristic found among larvae of the great ma-
jority of Gyrophaena is the moderately, but dis-
tinctly, emarginate ligula, a feature not found
among known larvae of Phanerota and Eumicrota.
This characteristic is less useful for distinguishing
all larvae of Gyrophaena because the emargination
of the ligula is obsolete or virtually absent in larvae
of a few species. In these circumstances, a com-
bination of ligula structure, ocellus size, position
and number of denticles of the lateral face of the
mala, and structure of the mala is required to cor-
rectly place these larvae in Gyrophaena.

Even though Gyrophaena is relatively difficult
to characterize based on larval features, a number
of characteristics were found to be stable at the
species or species group level. These included rel-
ative lengths of the antennomeres and associated
antennal solenidea, details of the spinose features
of the mala, relative sizes of characteristic setae,
structure and relative size of gland reservoir and
associated gland ducts of abdominal segment VIII,
structure, degree of dissection, and relative lengths
of filaments of brushlike setae of tergum VIII, and
relative lengths of urogomphi. Combinations of
these in addition to other features may prove to
be useful for characterization of larvae of species,
species-group, or subgeneric-level taxa within this
large and heterogeneous genus.

Almost all Gyrophaena larvae thus far found in
association with adults or reared have been taken
from fleshy gilled mushrooms. Although a few
species of Gyrophaena are most commonly found
in association with leathery gilled mushrooms or
soft polypores on logs (Ashe, 1984), these are un-
usual among members of Gyrophaena, and im-
matures of these species have not been collected.
Larval host associations presented here provide
additional support for the contention of Ashe
(1984) that members of Gyrophaena are most
characteristic of fleshy gilled mushrooms though
he noted that diversity of hosts within the genus
is great.

Gyrophaena affinis Sahlb. larvae were first de-
scribed by Rey (1886). Other Gyrophaena larvae
described include G. cristophera Cameron (Pau-
lian, 1941), G. gentilis Erichson (White, 1977), G.
fasciata(White, 1977), G. strictula Erichson (White,
1977), and Gyrophaena species (Boving & Craig-
head, 1930). Heeger (1853) described larvae that
he believed were those of G. manca Erichson.
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However, these are not gyrophaenine larvae, and
White (1977) suggested that they probably rep-
resented larvae of Oligota. My subsequent ex-
amination of Heeger’s figures supports White’s
conclusion.

Late Instar Larvae of Phanerota Casey
(Figures 82-96)

DEeScrIPTION—General —-Length of mature lar-
va 2.1-2.9 mm. General form elongate, more or
less dorsoventrally depressed, broadest at inter-
mediate abdominal segments. Color of mature lar-
va whitish to very light gray-brown dorsally. Mi-
crosculpture absent. Vestiture of long simple setae.

Head (Figure 82) —Length to width ratio about
0.75. Ocellus single on each side, relatively large,
prominent. Ecdysial sutures very slightly devel-
oped, lateral arms not obviously attaining anten-
nal fossae. Chaetotaxy characteristic of subtribe;
campaniform sensilla Ec3 absent. Antenna as in
Figure 84; 3 articled; relative lengths of articles of
specimens of species available, article 1 short, 1.1
times as long as wide, article 2 1.8 times as long
as 1, article 3 0.5 times as long as 2; sensory ap-
pendage on antennomere 2 elongate, spinelike,
about 1.0 times length of constricted portion of
article 2; antennomere 2 with solenidea IIS1 and
IIS2 present, IIS3 present, minute, and spinose,
IIS1 digitiform, slightly rounded at apex, about
0.33 times length of sensory appendage, 11S2, spi-
nose, about 1.0 times as long as sensory appen-
dage; solenidea of article 3 spinose, of similar size,
not inflated or enlarged. Labrum as in Figure 86,
chaetotaxy with Ld1 and Ld2 of similar size, short,
setose. Epipharynx as in Figure 87. Mandibles (fig.
83) with subapical tooth small, lobe in molar area
slightly developed, more distal seta of lateral basal
half reduced to a pore, more proximal seta very
small. Maxilla (fig. 88) typical of subtribe; mala
obliquely truncate with 3-4 rows of moderately
large to small teeth, teeth markedly larger distally
and smaller more proximally; apex of mala with
single deeply emarginate foliose scale distally; lat-
eral surface of mala without additional scalelike
teeth, lobes, or spatulate structures (fig. 89); base
of adoral surface of mala with broad lobe laterally
near palpus insertion and 5-6 very small micro-
spinules near medial border (fig. 89); maxillary
palpus as in Figure 88. Adoral surface of labium
(hypopharynx) with numerous inwardly directed
hairlike processes on each side of midline. Labium
as in Figure 85; ligula short, slightly protruded,

length less than length of labial palpus, truncate
and slightly rounded apically, not emarginate api-
cally, without prominent spinose or setose sensilla
on each side of midline, without apical peglike
sensilla, lateral surfaces without numerous hairs;
labial palpus 2 articled, article 1 less than 0.5 times
length of 2, apical spine slighty developed; seta
near insertion of labial palpus very small.

Thorax —Pronotum (fig. 90) transverse, mod-
erately sclerotized; chaectotaxy characteristic of
subtribe; setation with discal setae Da2 and Dc2
of similar size, lateral setac L2 and L3 absent;
ecdysial suture very faint. Mesonotum (fig. 91)
similar to pronotum except anterior setae reduced
to microtrichous pores (A2-3 absent) in slightly
sclerotized anterior portion of tergum; discal setae
Da2 and Dc2 present, well developed, of similar
size, Dd2 absent; lateral setae L2, L3, and L5 ab-
sent. Metanotum similar to mesonotum. Legs as
in Figure 93; relatively short and stocky, femur
length to width ratio 2.2-2.4.

Abdomen—Abdominal terga I-VII (fig. 92)
markedly transverse, anterior margin slightly
sclerotized; discal setae Da2, Db3, and Dc2 pres-
ent, well developed, of similar size, Da2 not in
posterior row, Db3 in posterior row between P3
and P4; lateral seta L1 absent. Abdominal tergum
VIII (fig. 95) markedly produced posteromedially
as a broad lobe in association with well-developed
tergal gland; chaetotaxy as in Figure 95, Da2 ab-
sent, Dc2 present, moderately developed; poste-
rior seta P1 brushlike, serrations incised 0.3-0.4
times length of seta (fig. 96). Tergal gland reservoir
distinct, well developed, about 0.75-1.0 times
length of tergum VIII; gland ducts with loop ob-
solete, almost straight. Abdominal terga IX-X as
in Figure 94; urogomphi single articled, about 0.5
times length of tergum X. Pseudopodium without
hooks.

MATERIAL EXAMINED ~ Phanerota dissimilis
(Erichson); 18, instar II-III, assoc.; Texas, Brazos
Co., College Station, July 12, 1975, J. S. Ashe, ex
mushrooms: Phanerota fasciata (Say); 13, instar
II1, assoc.; Texas, Brazos Co., College Station, May
31, 1975, J. S. Ashe, ex Russula sp.. Phanerota
fasciata (Say), 16, all instars, reared; Texas, Brazos
Co., College Station, June 2-4, 1974, J. S. Ashe,
ex Russula sp. (prob. R. foetans): Phanerota fas-
ciata (Say); 5, instar 111, assoc.; Mississippi, Har-
rison Co., Big Biloxi Campgrd., 14 mi N Gulfport,
VI-13-1973, on gilled mushrooms, A. Newton
(MC2).

DiscussioN— Among gryophaenine larvae, those
of Phanerota can be recognized by the combina-
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FiGs. 82-85. Phanerota fasciata (Say), larval instar 111. 82, Head, dorsal aspect; 83, mandible, ventral aspect; 84,
antenna, dorsal aspect; 85, labium, ventral aspect.
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FiGs. 86-89. Phanerota fasciata (Say), larval instar III. 86, Labrum, dorsal aspect; 87, labrum, adoral aspect
(epipharynx); 88, maxilla, ventral aspect; 89, mala of maxilla, dorsal aspect.
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FiGs. 90-92. Phanerota fasciata (Say), larval instar I11. 90, Pronotum; 91, mesonotum; 92, abdominal tergum 1.
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Fics. 93-96. Phanerota fasciata (Say), larval instar III. 93, Proleg, anterior aspect; 94, abdominal terga IX-X;
95, abdominal tergum VIII; 96, brushlike seta, P1 of abdominal tergum VIII, detail.
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tion of the very large ocellus, truncate ligula with
apical emargination, the large papillate lobe near
insertion of the maxillary palpus, microspicules
near proximolateral border of base on mala, and
derived chaetotaxic features characteristic of other
members of the **Gyrophaena” lineage (see Phy-
logenetic Analysis). Phanerota larvae are partic-
ularly distinctive for the relatively large ocelli which
parallel the large, bulbous compound eyes of adults.

Larvae of Phanerota and Eumicrota share two
derived features, the papillate lobe near the inser-
tion of the maxillary palpus and the truncate ligula,
and are hypothesized to be sister groups based on
these characteristics. However, known adult fea-
tures do not support this phylogenetic hypothesis.
Instead, adult characteristics indicate a sister group
relationship between Gyrophaena and Phanerota
with Fumicrota as sister group to these two taxa.
There are three possible reasons for this conflict:
(1) undiscovered characteristics which would clar-
ify relationships among these taxa are present on
larvae, adults, or both; (2) parallelism has ob-
scured homologous apotypic characters which re-
flect phylogeny; (3) characteristics used for phy-
logenetic analysis have been incorrectly analyzed.
No resolution is presently possible.

Larvae of Phanerota have thus far been found
only on species of Russula, and adults of P. fas-
ciata (Say) breed regularly on mushrooms of this
genus. Other larval-adult associations are from un-
identified hosts. Ashe (1981) has discussed the host
range of P. fasciata and (1982) that of P. dissimilis
(Erichson) based on studies of adults.

Ashe (1981) described the development and im-
mature stages of Phanerota fasciata.

Early Instar Larvae
and Developmental Variation

Gyrophaenines have three larval instars, the
characteristic developmental number for aleo-
charines. Structural differences between instars are
confined primarily to chaetotaxy and are evident
between the first and second instars. The second
and third instars are similar in all features ex-
amined.

First instar larvae differ from second and third
as follows: Pronotum with anterior seta A3 or both
A3 and AS absent; lateral setae L2, L3, and LS or
L3 and LS5 absent; posterior seta P3 absent. Meso-
notum with L5 present or absent; posterior seta
P3 absent; discal seta Dd2 present or absent. Meta-
notum similar to mesonotum except for presence
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of a hatching spine on each side of midline an-
teromedial to Da2 and, in some, posteromedial to
P1. Tarsungulus of leg noticeably longer. Abdom-
inal terga I-VII with posterior seta P3 and discal
seta Db3 absent. Abdominal tergum VIII with
posterior seta P1 spatulate and serrate at apex or
slightly divided into brushlike lobes distally, or
setose and not at all flattened; gland reservoir of
abdominal segment VIII much smaller, subglo-
bose, more slightly sclerotized with internal loops
more slightly developed.

DiscussioN—Many of the differences between
larvae which characterize major lineages based on
late instar immatures are also present in early in-
star larvae. For example, early instar larvae of
Agaricomorpha and Brachychara have pronotal
anterior seta AS and lateral setae L2 and L5 pres-
ent, whereas these are absent in first instar larvae
of Gyrophaena, Phanerota, and Eumicrota. In ad-
dition, the presence on abdominal terga I-VII of
Da2 in characteristic positions in the posterior row
oflate instar larvae of Agaricomorpha and Brachy-
chara is also evident in first instar larvae. It is also
interesting that discal seta Dd2 is present on the
mesonotum of first instar larvae of Agaricomor-
pha. This seta has otherwise been found among
gyrophaenines only on late instar larvae of Agar-
icochara.

Other characteristics of early instar larvae do
not appear to be associated with phylogenetic lin-
eages. Number and position of hatching spines is
typical. All first instar gyrophaenine larvae have
a pair of hatching spines anteromedially on the
metanotum and in some (specimens of Gyro-
phaena [Phaenogyra) subnitens) also on the meso-
notum. Some (specimens of Agaricomorpha) also
have an additional smaller pair posteromedially
on this tergum. Others have additional spines an-
teromedially on abdominal terga I or I-III (spec-
imens of Brachychara and Eumicrota) or abdom-
inal terga I-VI (Gyrophaena subnitens), with spines
becoming smaller on more posterior terga.

The pattern of modification of posterior seta Pl
of abdominal tergum VIII, which is brushlike or
spatulate in mature larvae, is also interesting. First
instar larvae of several species of Gyrophaena and
Agaricomorpha have a form of these setae as sim-
ple setose setae, not at all flattened or brushlike.
In other first instar Gyrophaena, Eumicrota, and
Phanerota larvae these setae are narrowly spatu-
late and finely serrate or slightly brushlike apically,
whereas those of Brachychara are broader and ser-
rate at the apex.

The relatively slight development of the gland
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FiGgs. 97-102. SEM micrographs of maxillae of larval instar 111 Gyrophaenina. 97, Brachychara sp. 2, apex of
mala; 98, Brachychara sp. 1, apex of mala; 99, Agaricomorpha apacheana (Seevers), apex of mala; 100, Gyrophaena
nana (Paykull), apex of mala; 101, Gyrophaena nana (Paykull), outer apical aspect of mala showing emarginate foliose
scale; 102, Eumicrota corruscula (Erichson), outer apical aspect of mala showing emarginate foliose scale.

reservoir of abdominal segment VIII is character-
istic of all first instar gyrophaenine larvae exam-
ined. It is not clear whether this indicates that the
gland system has a lower level of function in early
instar larvae.

Ashe and Watrous (1984) pointed out that the

chaetotaxy of first instar larvae is most easily in-
terpreted as a lack of setae present on later instar
larvae. They therefore based their nomenclature
on late instar larvae, though they recognized that
this was contrary to ontogenetic development.
Studies of gyrophaenine immatures support their
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decision in that the most interesting phylogenetic
information appears to be found in chaetotaxy of
late instar larvae. As noted above, some chaeto-
taxic features of early instar larvae reflect phylo-
genetically important features found also on later
instar larvae; however, others are absent, and ad-
ditional characters for phylogenetic analysis at the
taxonomic level considered here do not appear to
be present in first instar larvae. It seems possible
that characteristics of first instar larvae may have
phylogenetically important information at other
levels of analysis, which have been obscured by
ontogenetic development in later instar larvae.
However, at present too few taxa have been com-
paratively studied to evaluate this supposition.

Discussion of Structural Features

In addition to larvae of the six gyrophaenine
genera described here, study of immatures of over
25 additional genera along with numerous more
tentatively identified or undetermined aleocharine
larvae was required during the course of this study
and during the previous development of a chae-
totaxic system (see Ashe & Watrous, 1984). This
provides the basis for a discussion of variation
among gyrophaenine larvae and significant differ-
ences between these larvae and those of other aleo-
charines.

As noted above (see Chaetotaxy), the chaetotaxy
of the cranial region of gyrophaenine larvae is sig-
nificantly reduced in comparison to that of more
generalized aleocharines; however, the pattern of
reduction is uniform among all gyrophaenines ex-
amined. Overlaid on this basic uniformity of re-
duction chaetotaxic pattern are differences in de-
tail of relative positions and development of
various setae. For example, compare the relative
sizes of setae F13 and Fm1 of larvae of Brachy-
chara (fig. 31) with comparable cranial setae of
specimens of other genera. Other setae show sim-
ilar distinctive patterns. These differences in size
and relative position are stable and provide de-
scriptive and phylogenetic characters at various
taxonomic levels, depending on group and setae
concerned. The presence of campaniform sensilla
Ec3 is not uniform among gyrophaenine larvae. It
is present in specimens of Agaricochara (fig. 1),
Brachychara (fig. 31), and Agaricomorpha (fig. 16)
and absent in larvae of Gyrophaena (fig. 66), Eu-
microta (fig. 46), and Phanerota (fig. 82). This dis-
tribution correlates well with other phylogenet-
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ically important characters (see below).
Phylogenetically informative distribution of this
sensory element graphically illustrates the value
of attention to detail of chaetotaxic pattern.

In general, heads of gyrophaenine larvae are rel-
atively short and broad. Most have length : width
ratios 0f 0.75-0.9. This varies significantly only in
larvae of Agaricochara laevicollis (fig. 1), which
have heads which are as long as or longer than
wide (length : width ratio, 1.0-1.1). White (1977)
argued that larvae of Gyrophaena (Phaenogyra)
strictula Er. and by implication other members of
the subgenus Phaenogyra Scheerpeltz and Hofler
also have quadrate or elongate heads. I was not
able to confirm that this condition was character-
istic of any larvae other than those of Agaricochara
laevicollis. Larvae of Gyrophaena (Phaenogyra)
subnitens Csy. from North America and associated
larvae of Gyrophaena (Phaenogyra) strictula Er.
from England had heads with length : width ratios
within the range characteristic of members of the
genus Gyrophaena. This, along with other char-
acteristics, suggests that White was incorrect in
placing Gyrophaena strictula and Agaricochara
laevicollis together in the genus Agaricochara(con-
sidered a subgenus of Gyrophaena by him). It also
further confirms the findings of Ashe (1984), based
on study of adults, that G. strictula (and other
members of the subgenus Phaenogyra) is actually
a Gyrophaena and that Gyrophaena and Agari-
cochara should be maintained as separate genera.

White (1977) also suggested that the relatively
narrow heads of both larvae and adults of Agari-
cochara were correlated with their preference for
woody or leathery polypores. He suggested, based
on relationships between gular sclerite size, head
capsule width, and mandibular strength proposed
by Evans (1964), that the narrower heads of mem-
bers of Agaricochara would result in relatively more
powerful mandibular muscles than would the wid-
er heads of members of Gyrophaena. This would
correlate with habits of those beetles which fre-
quent and feed on more persistent and harder
woody or leathery polypore mushrooms as op-
posed to the softer, fleshy gilled fungi. However,
when head shape is compared among a wider range
of genera and species within the Gyrophaenina,
the correlation of elongate head shape with habits
of feeding on woody polypores does not appear to
hold true. All members of Brachychara and Agar-
icomorpha for which habits are known are asso-
ciated only with woody polypores, yet the head
proportions of larvae of Brachychara (fig. 31) are
well within the range found among fleshy mush-
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room feeding larvae of Gyrophaena (fig. 66), and
head proportions of larvae of Agaricomorpha (fig.
16) are only slightly longer.

The antennae of gyrophaenine larvae are also
unusual among aleocharine larvae. In particular,
the spinose sensory appendage of antennomere 2
(figs. 3, 68) differs from the more globular or in-
flated sensory appendage found among larvae of
most other aleocharines (see Topp, 1975; Ashe &
Watrous, 1984). The particular combination and
development of other solenidea of gyrophaenine
larvae is also characteristic when compared with
similar structures in other aleocharines. An ad-
ditional characteristic in the antenna of gyro-
phaenines is the position of solenidea IIS1 and
IIS2 in relation to the sensory appendage. In larvae
of Agaricomorpha and Brachychara, these two so-
lenidea are located more laterally, near the base
of the sensory appendage (figs. 18, 33), rather than
more ventrally and displaced from the sensory ap-
pendage as found in specimens of Gyrophaena (fig.
68), Phanerota (fig. 84), and Eumicrota (fig. 48).
The relative sizes, position, and form of these sen-
sory elements as well as relative lengths and widths
of antennal articles, exhibit little variation among
members of a species or, for some characteristics,
are stable at higher taxonomic levels. This suggests
that they should be useful for systematic and phy-
logenetic study at all levels of analysis.

Mandibular structure of gyrophaenine larvae is
significantly different from that of other aleochar-
ines. Reduction of the preapical internal tooth to
a small sharp lobe in the lateroventral plane of the
mandible rather than adoral and lateral and loss
of serrations of the internal edge found on man-
dibles of most aleocharine larvae are characteristic
(fig. 2). These reductions appear to be correlated
with loss of the shearing, biting, and crushing func-
tion of the mandible of gyrophaenines. Mandibles
of some gyrophaenines have a very slight lobe in
the molar region (fig. 2), though this is absent in
many (fig. 32). This lobe, however, lacks the rows
of denticles found in a similar region on mandibles
of adults. Such denticles in the molar region are
commonly associated with fungus or spore feed-
ing (Seevers, 1978; Ashe, 1984; Newton, 1984).
Absence of such denticles on larval mandibles rep-
resents a significant difference in structure of the
mouthparts of larval and adult gyrophaenines. Im-
plications of this difference for mandibular func-
tion cannot be assessed without detailed compar-
ative structural and functional studies. Other
differences in mandibular shape, such as length
and degree and angle of apical curvature (compare

figs. 2 and 83), are subtle but probably significant.
The structural or functional characteristics with
which these differences correlate have not been
determined.

An additional interesting characteristic of gy-
rophaenine mandibles as a group is the general
reduction of the two setae on the external basal
half of the mandible. These are quite large in many
aleocharine larvae (see Ashe & Watrous, 1984).
Among gyrophaenine larvae these two setae are
small to microtrichous (fig. 2) or the more distal
seta is reduced to a pore (fig. 67), and all have
mandibles with the more distal seta noticeably
smaller than the more basal seta.

Some of the most striking structural modifica-
tions are found in the maxillae of gyrophaenine
larvae. These appear to be the primary feeding
structures and exhibit remarkable structural con-
vergences with the maxillae of adult gyrophaen-
ines. The obliquely truncate mala covered with
numerous closely spaced teeth appears to be mod-
ified for scraping maturing spores, basidia, and
other hyphal structures from the hymenium of
fresh mushrooms. These factors suggest that, at
least in maxillary function, larvae and adult gy-
rophaenines are using the mushroom resource in
very similar ways (Ashe, 1984). The maxillary
structure of gyrophaenine larvae differs markedly
from that of other aleocharine larvae. The oblique-
ly truncate mala with more or less numerous,
closely spaced teeth of gyrophaenine larvae (figs.
7, 22, 73) contrasts sharply with the more acute
mala with fewer, more widely spaced teeth and
spines found in most other aleocharine larvae (see
Ashe & Watrous, 1984; figs. 7, 9). In addition, the
spines and teeth of the mala of most gyrophaenine
larvae are largest distally and smaller proximallly
(fig. 73) in contrast to the opposite condition in
most other aleocharines. The mala of gyrophaen-
ine maxillae differs sufficiently from that of other
aleocharines that it is difficult to establish ho-
mologies of structural features. The small to mod-
erate blade or spine that marks the most proximal,
adoral termination of the densely setose apex of
the mala (fig. 73) may be homologous to the very
large blade or spine of the base of the mala of most
aleocharine larvae (see Topp, 1975; Ashe & Wa-
trous, 1984). If so, it may provide a marker for
establishing homologies of other structures of the
gyrophaenine mala. However, this has not yet been
conclusively shown.

An apparently unique feature of all larval gy-
rophaenine maxillae is the bifid cuplike plate on
the outer apex of the mala (figs. 101-102). Ashe
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(1981) first noted the presence of this structural
feature in larvae of Phanerota fasciata (Say) and
later (1984) commented on its widespread occur-
rence among gyrophaenine larvae. Ashe (1981)
originally suggested that this platelike structure was
a modified seta; however, no seta which could be
homologous is known among other aleocharine
larvae. This, plus the similarity of this structure
to other platelike or spatulate scales found on the
maxillae of some gyrophaenines (e.g., Brachychara
sp., fig. 38) caused Ashe (1984) to suggest that this
apical, bifid plate is a scalelike cuticular modifi-
cation. Some doubt about the validity of this hy-
pothesis is caused by the lack or very slight de-
velopment of additional scalelike structures in
many gyrophaenines (fig. 74) in which the apical
plate is well developed. At present, origin and ho-
mology of this apical, bifid plate remain to be
determined.

The total number, number of rows, size, and
density of spines on the apex to the mala is very
characteristic and uniform within taxa at a variety
of levels. In general, number, density, and devel-
opment of spines correlates well with phylogenetic
position and host type. Members of Gyrophaena
(fig. 73) and Phanerota (fig. 88), which feed exclu-
sively on fleshy, gilled mushrooms, consistently
have fewer and larger spines than members of
Agaricomorpha (fig. 22) and Brachychara (fig. 37),
which are found exclusively on woody or leathery
polypores. Larvae of Eumicrota which have in-
termediate habits, have spines on the mala which
are similar to those of Gyrophaena and Phanerota
in general structure but which are much more nu-
merous and densely arranged (figs. 52, 64). An
additional interesting correlation with host pref-
erence is the tendency of larvae of those gyro-
phaenines which feed exclusively on woody poly-
pores to have distal and proximal teeth more
similar in size than those of larvae which feed on
gilled msuhrooms (compare, respectively, figs. 7
and 73) and to have an increased number, size,
and elaboration of accessory cuticular modifica-
tions associated with the apico- and dorsolateral
margin of the mala (figs. 23, 38). The reason for
this is not clear but may be associated with func-
tional and structural requirements for feeding on
much harder polypore mushrooms. It is interest-
ing that similar correlations of maxillary feeding
structures with host type are found among adult
gyrophaenines (Ashe, 1984). This suggests that a
similar selective regime is influencing these pri-
mary feeding structures in both adults and larvae.

The base of the mala of most gyrophaenines has
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patches of microspinules dorsolaterally on each
side of the midline (figs. 8, 74). Number and po-
sition of these denticles is fairly constant within a
species. Such microspinules are absent in all known
larvae of Phanerota and Eumicrota. In larvae of
these genera they are replaced by a distinct pa-
pillate structure laterally near the palpal insertion
(fig. 53). A purpose and function for these mi-
crospinules and papillae cannot be suggested based
on available information.

Functionally, gyrophaenine maxillae operate
somewhat differently from those of most other
aleocharines. The mala of the majority of aleo-
charines is adapted for grasping, manipulating, and
tearing food, and the toothed malar surfaces oc-
clude in a more or less horizontal plane. The spi-
nose apex of the mala of gyrophaenines is in a
more or less horizontal plane when open, but ro-
tates as it is closed so that at occlusion the larger
distal apex is ventral and the smaller, proximal
apex is dorsal around the oral cavity. In occluded
position, the flattened, morphologically ventral
surface is adoral and the mala assumes a more or
less vertical position with the apex and spines of
the mala angled slightly to moderately inward. In
full repose, the spines of opposite maxillaec may
interdigitate. Additionally, in this position, the
larger spines, scales, and spatulate structures on
the dorsoapical side of the mala which are char-
acteristic of some gyrophaenine larvae (fig. 98)
form the lateral margins of the oral cavity. These
structural and functional characteristics suggest that
the malar regions of maxillae of gyrophaenines are
acting as combs and scoops to remove food ma-
terial from the hymenium of mushrooms and
transfer it to the buccal cavity.

The broad, truncate ligula of gyrophaenines is
typically shorter than the two articled labial palpi
and is distinctive in comparison to the more com-
mon elongate ligula of athetine, most bolitochar-
ine, and most oxypodine larvae (see Topp, 1975,
figs. 2, 29; Ashe & Watrous, 1984, fig. 8). However,
broad, truncate ligulae are not limited to the Gy-
rophaenina (personal observations). The short,
truncate gyrophaenine ligula may be deeply (fig.
19), moderately (fig. 69), or not emarginate (fig.
85) and is characteristic at the generic level among
most known larvae. More intrageneric variability
in this structure is found among species of Gyro-
phaena in which the ligula varies from moderately
emarginate in larvae of most species to not emar-
ginate in larvae of a few species. In addition to
shape of the ligula, distribution of sensory ele-
ments on the ligula is distinctive at the generic or
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higher level. The prominent, setose sensilla found
on the ligulae of larvae of Brachychara (fig. 34)
and Agaricomorpha (fig. 19) are absent from those
of other gyrophaenines. However, the small spi-
nose sensory structures of the ligula of larvae of
Agaricochara (fig. 4) may be homologous to these
setose sensilla. The remarkable development of
spinose sensory elements on the apex of the ligula
in larvae of Eumicrota cornuta Casey (fig. 63) has
not been observed among other gyrophaenines.
Preliminary observations suggest that distribution
and detailed development of other sensory ele-
ments may provide characters for use in system-
atic and phylogenetic studies at a number of taxo-
nomic levels.

Legs of gyrophaenine larvae differ among spec-
imens of different genera in several ways. Larvae
of Brachychara (fig. 42) and Agaricomorpha (fig.
27) have legs which are noticeably longer and more
slender than the shorter and more robust legs of
immatures of Gyrophaena (fig. 77), Eumicrota (fig.
54), and Phanerota (fig. 93). This is reflected in
the length : width ratios of the femur (see appro-
priate description), but also in the proportions of
the other leg segments, and is particularly notice-
able in the long slender tarsungulus of larvae of
Brachychara (fig. 42). Legs of Agaricochara larvae
(fig. 12) are more or less between these extremes.
Distribution of these general leg forms correlates
both with phylogenetic position and host prefer-
ence. It is tempting to suggest that differences in
leg proportions reflect differing requirements for
living on polypore or gilled mushrooms. However,
it does not seem possible to evaluate which is the
more plesiotypic condition at present.

In addition to this difference, legs of larvae of
Gyrophaena (fig. 77), Eumicrota (fig. 54), and
Phanerota (fig. 93) have the campaniform sensilla
C2 of the tibia distal to seta Ad2 as opposed to
proximal to this seta as in legs of larvae of
Brachychara (fig. 42) and Agaricomorpha (fig. 27).
Larvae of Agaricochara have the condition of this
character similar to these latter two genera though
the campaniform sensilla is much closer to the
seta. Since it is not presently possible to analyze
polarity of states of this character, it is not possible
to evaluate phylogenetic information available.
However, distribution of these states correlates well
with phylogenetic groupings based on other char-
acters.

Thoracic and abdominal terga are characterized
by a distinctive reduced chaetotaxy (see Chaeto-
taxy above) which is particularly striking in the
reduction of setae in the discal rows. In general,

setae present on these terga are more or less uni-
form among gyrophaenine larvae examined. Lar-
vae of Agaricochara differ from all others in the
presence of a seta interpreted as Dd2 on the meso-
notum, metanotum, and abdominal terga I-VII.
Also of particular interest is the presence of Da2
in the posterior row of setae of abdominal terga
of larvae of Brachychara (fig. 41) and Agarico-
morpha (fig. 26). Though this condition is limited
to members of these two groups, which are hy-
pothesized to be sister groups on the basis of other
characters, position of this seta may not be ho-
mologous in these two genera. This conclusion is
a result of the fact that Da2 occurs on opposite
sides of campaniform sensilla C6 in larvae of
Brachychara and Agaricomorpha. It is not clear
whether the position of Da2 in relation to this
sensilla or the position of Da2 in the posterior row
is the more fundamental condition. The latter has
been tentatively accepted in this study pending
further studies.

Abdominal tergum VIII of gyrophaenine larvae
is especially prominent because of the large me-
diodorsal and posterior lobe of this tergum asso-
ciated with a very well-developed tergal gland and
gland reservoir (figs. 13, 29). The gland reservoir
of gyrophaenines is as large or larger than the ter-
gum in most and is moderately darkened and
strengthened by a distinctive pattern of looplike
sclerotized supports (fig. 59). The four gland ducts
that enter the gland anteriorly are sclerotized tubes
in all gyrophaenine larvae. These gland ducts are
singly looped in most (fig. 59); however, in larvae
of Phanerota (fig. 95) the loop is obsolete and gland
ducts are almost straight, and larvae of Agarico-
chara have a second loop slightly to moderately
developed. Though details vary in different groups,
this general type of tergum VIII glandular system
is similar to that found among larvae of most Boli-
tocharini, Phytosini, and Myllaenini among oth-
ers. It is significantly different from that of most
Athetini and Oxypodini. Larvae of these latter
groups have an eighth abdominal tergum in which
presence of a tergal gland and reservoir does not
have a noticeable external manifestation and which
have, at most, only slightly sclerotized to com-
pletely membranous gland reservoirs and usually
a different structure of sclerotized portions of the
gland ducts (see Ashe & Watrous, 1984, fig. 22).

A unique feature of gyrophaenine larvae, as far
as is known, is the modification of posterior seta
P1 of abdominal tergum VIII into brushlike setae.
First described by White (1977) in larvae of Gy-
rophaena gentilis Er. and later by Ashe (1981) in
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larvae of Phanerota fasciata (Say), they were noted
to be present in all gyrophaenine larvae examined
by Ashe (1984). Examination of numerous addi-
tional gyrophaenine and other aleocharine larvae
during this study has further supported this latter
assertion and provided confirmation of the unique
nature of these brushlike setae among aleocharine
larvae. Detailed structure of these setae varies con-
siderably among genera and species. Those of
Agaricochara (fig. 14) and Agaricomorpha (fig. 30)
are the least brushlike and are only flattened, spat-
ulate, and finely serrate apically rather than deeply
divided into filiform lobes. Those of Brachychara
(fig. 44) are broadest and are divided into the great-
est number of these setose lobes of any known
gyrophaenine, whereas the brushlike setae of most
larvae of Gyrophaena (fig. 81) are deeply divided
into a few very long filiform processes. Brushlike
setae of larvae of Phanerota (fig. 96) and Eumi-
crota (fig. 61) are between these extremes of width
and degree of apical dissection. Although there is
some variation of detailed form of brushlike setae
among specimens within a species, the general
structure of these setae is often characteristic of
species, species-group, or genus-level taxa. Ashe
(1981) suggested that these setae were probably
modified from typical setae in similar positions in
other aleocharine larvae; however, he was not
aware of such plesiotypic homologous setae at that
time. Typical, well-developed setae have since been
found in relatively homologus positions of brush-
like setae on the median apex of the tergal gland
lobe of larvae of several Bolitochara species, Lep-
tusa species, and several other aleocharines (per-
sonal observations). These setae are almost cer-
tainly homologous primitive states of brushlike
setae on gyrophaenine larvae. No hypothesis about
importance or function of brushlike setae or why
they are limited to gyrophaenines can be suggested
until more detailed behavioral and ecological ob-
servations are available.

I interpret the urogomphi of all typical Aleo-
charinae as single articled. This appears to be true
even in those larvae in which the articulated uro-
gomphus is small and displaced from the tergum
by a considerable unarticulated lobe (as in larvae
of Agaricomorpha [fig. 28]). Though this unarti-
culated lobe may become very long and the artic-
ulated urogomphus quite short in some aleochar-
ine larvae (personal observations), it seems most
consistent to consider this lobe to be simply an
elongation of the posterolateral margins of tergum
IX. In all aleocharine larvae examined the base of
the articulated urogomphus can be recognized by
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the presence of two distinct oblong campaniform
sensillae (e.g., figs. 15, 58). Under these criteria,
all gyrophaenine larvae have single-articulated
urogomphi. Urogomphi differ among gyrophaen-
ine larvae primarily in the length of the urogom-
phus relative to tergum IX. Among late instar lar-
vae, the relatively shortest urogomphi are found
among specimens of Brachychara (fig. 45), and the
longest are among specimens of Agaricomorpha
(fig. 28). The relative lengths of other gyrophaen-
ine urogomphi fall between these extremes.

Most aleocharine larvae have four large, well-
developed hooks on the pseudopod. These are ab-
sent from known larvae of all gyrophaenines. The
relationship of absence of these hooks to obliga-
tory association with fresh mushrooms cannot be
evaluated at present. However, it is interesting that
though larvae of Bolitochara have these hooks,
they are much smaller than those of most other
aleocharines. Adults and larvae of Bolitochara also
have an association with fresh mushrooms, though
it is apparently not as obligatory as that of gyro-
phaenines (Topp, 1973; Ashe, 1984).

Phylogenetic Analysis
Character Analysis

The procedure used in analysis of relationships
of taxa in this study is based on the methods and
principals of phylogenetic analysis or cladism of
Hennig (1965, 1966) and are consistent with those
used by Ashe (1984) in study of adult gyrophaen-
ines.

One of the most fundamental processes in this
method is analysis of characters. The primary steps
in this procedure are recognition and description
of homologous characters and determination of
primitive (plesiotypic) and derived (apotypic) states
of these characters. These critical steps present
particularly serious problems in study of any group
of larval aleocharines because of the very limited
knowledge of these larvae in general, and, subse-
quently, inadequate understanding of distribution
of character states at all taxonomic levels. Other
than very preliminary discussions of distribution
of characteristics associated with the tergal gland
of abdominal segment VIII (Moore, 1978; Frank
& Thomas, 1984), there has been no serious at-
tempt to provide phylogenetically meaningful
analyses of characteristics of aleocharine larvae.
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TasLE 1. Plesiotypic and apotypic states of characters used in phylogenetic analysis of gyrophaenine larvae.

Character

Plesiotypic

Apotypic

Heap
1. Setae

2. Campaniform sensillae
3. Campaniform sensillae

OCELLUS
4. Size

MANDIBLE
5. Teeth
6. Inner tooth

7. External setae

8. External setae

MAXILLA
9. Mala
10. Mala

11. Mala

12. Mala

13. Mala

14, Mala

LaBium
15. Ligula
16. Ligula
17. Ligula

18. Seta
19. Seta

20. Palpus: apical sensilla
ANTENNA

21. Sensory appendage

22. Solenidea

23. Solenidea

PROTHORAX
24. Discal setae
25. Lateral setae
26. Discal setae

27. Campaniform sensillae

All typical setae present

All typical sensillae present
Ecl and Ec3 present

Small

Inner edge serrate

Prominent, in horizontal plane of
mandible

Both external setae large to moder-
ate, prominent, similarly sized

Both distal and proximal present

Apex more or less acute

With dispersed shearing plates,
teeth, and spines

Without emarginate leaflike scale ex-
ternally

Accessory scales of distolateral face
simple, toothlike

Spinose area not raised into accesso-
ry lobe distally

Without papillus or broad lobe baso-
laterally near palpal insertion

Elongate, longer than wide
Apex emarginate

Without distinct setose sensilla on
side of midline near apex

Seta near palpal insertion large

Seta near palpal insertion moderate
sized

Very small

Inflated
1IS3 present, moderate in size

IIS1 and IIS2 more or less similar in
size (within 50% or more)

Discal rows complete

Lateral rows complete

Da2 and Dc2 similar in size, or Dc2
only slightly larger

Sensillae C1-6 present in each half

Head setae reduced (Ell1, Em2-3,
V11-3, V1 absent)

All absent except Ecl and Ec3
Ec3 absent

Large

Inner edge not serrate

Small, in lateroventral plane of
mandible

Both external setae small, more dis-
tal seta often smaller than proxi-
mal seta

Distal seta reduced to a pore

Apex obliquely truncate

With numerous densely arranged
spines and teeth

With emarginate leaflike scale exter-
nally

Accessory scales of distolateral face
complex, foliose, spatulate, or
spinose

Spinose area distinctly raised into
accessory lobe distally

With papillus or broad lobe baso-
laterally near palpal insertion

Short, stout
Apex entire, truncate

With distinct setose sensilla on each
side of midline near apex

Seta near palpal insertion moderate
sized or small

Seta near palpal insertion small to
very small

Moderately large, prominent

Spinelike
1IS3 very small or absent

IIS2 very small in comparison to
IIS1 (less than 50%)

Only Da2 and Dc2 present
Lateral setae L2 and L3 absent
Dc2 distinctly larger than Da2

Only C1, C3, and C6 present
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TaBLE I.

Continued.

Character

Plesiotypic

Apotypic

MESOTHORAX

28. Discal setae
ent

29. Discal setae

30. Campaniform sensillae Sensilla C4 present

ABDOMINAL TERGUM
31. I setae
32. VIIL gland

Da2-3, Dbl-3, Dc2, and Dd2 pres-

Da2 and D¢2 similar in size

Discal seta Da2 not in posterior row
Gland ducts present as singly or dou-

Only Da2, Dc2, and in some,
Dd2 present

Dc2 much larger than Da2
Sensilla C4 absent

Discal seta Da2 in posterior row
Gland duct loops obsolete

bly looped sclerotized tubes

33. VIIIL setae

34. VIIIL setae

Posterior seta Pl setose

Posterior seta Pl spatulate

Posterior seta P1 spatulate or
brushlike

Posterior seta P1 brushlike

Although a relatively large number of aleocharine
larvae representing a diversity of higher taxa were
examined in the course of this study, compared
with overall diversity of the Aleocharinae, such a
survey must be relatively superficial. Because of
this, it seems likely that the details of character
analysis presented here, and, consequently, the
phylogenetic hypotheses developed, may require
modification with increased knowledge. In addi-
tion, comparison of other gyrophaenine and aleo-
charine larvae will reveal a number of additional
characteristics, not considered in detail here, which
are almost certainly useful for systematic or phy-
logentic studies but which cannot be properly ana-
lyzed at this time. It is hoped that the analysis of
characters presented here will serve as a stimulus
and a starting place for such additional studies.
Methods of analysis of characters in this study
involved both comparison of states of homologous
characters among members of the groups being
studied (in-group comparisons) and comparisons
among closely and more distantly related taxa (out-
group comparisons) (see Watrous & Wheeler, 1981,
for discussion). Larvae of species-level and higher
taxa of the Gyrophaenina provided in-group com-
parisons. Out-group comparisons from a relatively
closely related group were provided by study of
larvae of the subtribe Bolitocharina, including
reared larvae of Bolitochara lunulata Payk. and
Leptusa ruficollis Er. and associated larvae of Bo-
litochara species, Leptusa species, Amonognathus
species, Homalota species, and Placusa despecta
Er. Out-group comparisons from more distantly
removed aleocharines were provided by identified
or associated larvae of several genera each in the
Athetini, Oxypodini, Tachyusini, Phytosini, Myr-
medonini (sensu Seevers, 1978), and other deter-
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mined and numerous undetermined aleocharine
larvae. In general, it is here argued that character
states restricted to the Gyrophaenina or states
which are relatively more restricted among gyro-
phaenines and other aleocharines are derived. In
contrast, states found in some but not all gyro-
phaenines in addition to bolitocharines and other
aleocharines are relatively plesiotypic. However,
because of the complex nature of many of the
character systems, each character must be ana-
lyzed separately and compared with others for
congruence.

Table 1 summarizes the plesiotypic and apo-
typic character states used in reconstruction of
phylogenetic relationships in this study.

The general trend of reduction in many char-
acteristics of gyrophaenine larvae, particularly
those involving chaetotaxic patterns, presents dif-
ficulty in interpretation of homologous apotypic
states. This primarily results from the fact that
losses and reductions may reach identical ends by
different and nonhomologous pathways (Hecht &
Edwards, 1977). However, the concordance in a
variety of chaetotaxic characters among all known
gyrophaenines is impressive and lends strong sup-
port for the hypothesis that such chaetotaxic pat-
terns are homologous within these taxa. For this
reason, I have treated distinctive reduced chae-
totaxic patterns (e.g., chaetotaxy of the head) as a
single character state even though it actually rep-
resents a character complex which, however, can-
not be further analyzed at present.

The distribution of plesiotypic and apotypic
character states for 34 characters among larvae of
gyrophaenine genera is given in Table 2. In this
table plesiotypic states are scored “0,” while apo-
typic states are ““1.”
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TasLE 2. Distribution of binary coded plesiotypic (0) and apotypic (1) states of 34 character systems among late
instar larvae of gyrophaenine genera and the subtribe Bolitocharina.

Larvae 1-5 6-10 11-15 16-20 21-25 26-30 31-34
Agaricochara 11001 11011 11001 00100 11010 01100 0010
Agaricomorpha 11001 11111 11001 01101 11110 01101 1010
Brachychara 11001 11011 11101 01001 11110 11111 1011
FEumicrota 11101 11111 10011 10110 11011 01101 0011
Gyrophaena 11101 11111 10001 00110 11011 01101 0011
Phanerota 11111 11111 10011 10110 11011 01101 0111
Bolitocharina 00000 00000 00000 00000 00000 00000 0100

Cladistic Relationships

Cladistic analysis of taxa of gyrophaenines based
on larval characteristics was aided by use of a
phylogenetic tree reconstruction program, entitled
“QTREE” written by L. E. Watrous and run on a
PDP 11-40 computer. This program is based on
the Wagner tree algorithm described by Ferris
(1970; L. E. Watrous, personal communication).
Options included in the program and used in the
analysis include sorting of and addition of taxa to
the tree both by randomization and by increasing
or decreasing difference from starting taxon and
optimization of higher taxonomic unit after each
operational taxonomic unit is added. Cladograms
formed by this program were compared with those
produced by hand-worked traditional cladistic
methods and found to be equivalent.

The minimum number of steps for reconstruc-
tion of the most parsimonius tree with these data
is 39. At this number of steps there are two equally
probable trees. These are presented in Figures 103
and 104 and are designated Hypothesis I and II,
respectively. These hypotheses of relationship dif-
fer primarily in the position of Agaricochara on
the cladogram and subsequent distribution of de-
rived character states.

Analysis of relationships of members of the sub-
tribe Bolitocharina included herein do not provide
strong support for the hypothesis that the Boli-
tocharina are monophyletic in relation to the Gy-
rophaenina. The primary reason for including this
group is to provide a comparative base among
more typical aleocharine larvae for the distribu-
tion of apotypic character states among gyro-
phaenine larvae. It further serves to emphasize the
highly autapotypic nature of the Gyrophaenina as
a whole.

Larvae of the subtribe Bolitocharina (sensu
Seevers, 1978), especially those of Bolitochara and
Leptusa, share a number of characteristics with
gyrophaenine larvae. These include (1) similar

structure of the eighth tergal gland reservoir; (2)
similar structure of the sclerotized tubular gland
ducts; (3) a pair of setae (P1) in the medioapical
position of abdominal tergum VIII which are
probably homologous to the brushlike setae of gy-
rophaenines; (4) elongate, rather than bladelike,
spine at base of inner edge of the mala (assumes
that this spine in gyrophaenine larvae is homol-
ogous to that of bolitocharines); and (5) reduced
anal hooks (absent in gyrophaenines). However,
except for reduction of anal hooks, there is no
evidence that suggests that these are apotypic rath-
er than plesiotypic characteristics. Therefore, based
on larval characteristics, the hypothesis that the
subtribe Bolitocharina forms the sister group to
the Gyrophaenina, which was developed by Ashe
(1984) based on adult characteristics, is not given
substantial additional support. However, no known
characteristics of bolitocharine larvae suggest that
this hypothesis should be refuted. The problem of
sister group relationships among these taxa re-
quires further study. Gyrophaenine larvae do not
share concordant apotypic characteristics with any
other group of aleocharines as far as is known. In
addition, they lack many of the specialized fea-
tures of larvae of the Athetini, Oxypodini, Myr-
medonini, and others.

Gyrophaenine larvae occupy a structurally rel-
atively isolated position among aleocharine larvae
because of the large complex of concordant apo-
typic character states found uniquely among all
gyrophaenines. Both Hypothesis I and II indicate
that the Gyrophaenina is a monophyletic assem-
blage based on a total of 17 apotypic character-
istics. Many of these are represented by apotypic
states which involve reductions. Table 3 compares
the character states which involve losses or re-
ductions with those that involve gains of new
structures. Synapotypic character states shared by
all known gyrophaenine larvae which involve gains
are highly concordant with synapotypic states
which involve losses. This adds considerable sup-
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Fic. 103. Cladistic relationships among genera of Gyrophaenina based on larval characteristics: Hypothesis 1.
Abbreviations: i, independent evolution; r, reversal.
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FiG. 104. Cladistic relationships among genera of Gyrophaenina based on larval characteristics: Hypothesis II.
Abbreviations: i, independent evolution; r, reversal.
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TasLE 3. Comparisons of losses or reductions and
gains among uniquely derived characters shared by all
known larvae of Gyrophaenina.

Losses or reductions

Gains

Head setae characteristi-
cally reduced (char. 1)

All head campaniform
sensillac absent except
Ecl and Ec3 (char. 2)

Inner edge of mandible
not serrate (char. §)

Subapical tooth of man-
dible small, in latero-
ventral plane of man-
dible (char. 6)

Both external setae in
basal half of mandible
small (char. 7)

Seta on labium near base
of palpal insertion

Apex of mala obliquely
truncate (char. 9)

Mala with numerous,
densely arranged spines
and teeth (char. 10)

Mala with emarginate
leaflike scale apically
(char. 11)

Ligula short and stout
(char. 15)

Sensory appendage of an-
tenna spinelike (char.
21)

Posterior seta P1 of ab-
dominal tergum VIII

moderate to small
(char. 18)

Solenidium 1IS3 of an-
tenna very small, mi-
nute, or absent (char.
22)

Discal setae of pronotum
characteristically re-
duced (char. 24)

Pronotal campaniform
sensillae C2, C4, and
CS absent (char. 27)

Mesothoracic discal setae
reduced to Da2, Dc2,
and Dd2 (char. 28)

spatulate or brushlike
(char. 33)

port to the hypothesis that those character states
which involve losses are uniquely derived and
therefore homologous within the Gyrophaenina.

As noted above, this large number of apotypic
character states and their uniformly concordant
nature firmly supports the hypothesis that the Gy-
rophaenina is of monophyletic origin.

Among the most parsimonious hypotheses avail-
able, Hypothesis I and II differ primarily in that
Hypothesis I divides the Gyrophaenina into two
major lineages with Agaricochara as the sister group
of Agaricomorpha + Brachychara. In contrast,
Hypothesis I places Agaricochara as the sister
group to all other available gyrophaenine higher
taxa. The two hypotheses are similar in that, in
both, the Agaricomorpha + Brachychara lineage
and the Gyrophaena + Phanerota + Eumicrota
lineage are well supported by corroborated and
strong apotypies. The character states that support
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these lineages are identical in both cladograms for
the Agaricomorpha + Brachychara lineage, but
both the characters and total number of apotypies
supporting the Gyrophaena + Phanerota + Eu-
microta lineage differ. However, characters 3 and
19 are uniform in support of the monophyly of
this lineage in both cladograms. Also similar in
both hypotheses, Gyrophaena is hypothesized to
be the sister group of Phanerota + Eumicrota
which are, in turn, sister groups based on shared
apotypies of characters 14 and 16. In both clado-
grams Gyrophaena lacks autapotypic characters
which would demonstrate the monophyletic na-
ture of this lineage in comparison to Phanerota +
Eumicrota. Therefore, the hypothesis that Gyro-
phaena is paraphyletic in relation to these genera
cannot be refuted. However, the paraphyletic na-
ture of Gyrophaena must be demonstrated by
showing that other genera are derived from some
taxon presently included in Gyrophaena. This has
not yet been done. Similarly, Eumicrota cannot
be presently shown to be monophyletic based on
available larval characters. In both of these in-
stances of possible paraphyly, analysis of addi-
tional characters in a wider variety of gyrophaen-
ine larvae and increased understanding of character
distributions in aleocharine larvae as a whole may
provide the information necessary for unambig-
uous support for monophyly or paraphyly.
Hypothesis I (fig. 103) places Agaricochara as
sister group to the Agaricomorpha + Brachychara
lineage based on shared possession of the apotypic
state of only a single character (character 12). Apo-
typic states of this character are defined by en-
hancement of the accessory scales, plates, and
spines of the distolateral side of the mala. As noted
above (see Structural Features), such structures are
strongly correlated with the habit of feeding on
hard, woody mushrooms. Because of this, and
without additional concordant apotypic charac-
ters, evidence for monophyly of this lineage (in-
cluding Agaricochara) must be suspect. If, how-
ever, Hypothesis I is accepted, interpretation of
the distribution of character states requires that
reduction of the distal seta of the lateral base of
the mandible (character 8) has occurred indepen-
dently in Agaricochara and the ancestor of the
Gyrophaena + Phanerota + Eumicrota lineage.
In addition, independent evolution of deeply di-
vided brushlike setae on abdominal tergum VIII
must have occurred in the ancestor of the latter
lineage and Brachychara. The possibility of this
latter independent evolution of apotypic character
states is supported by the number of strong apo-
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typies which indicate a sister group relationship
between Agaricomorpha and Brachychara.
Hypothesis II (fig. 104) differs in that it hypoth-
esizes that Agaricochara is the sister group of all
other available gyrophaenine taxa. Under this hy-
pothesis Agaricochara cannot be demonstrated to
be monophyletic in relation to the remainder of
the Gyrophaenina based on available larval char-
acters; however, the remainder of the Gyrophaen-
ina are hypothesized to be monophyletic based on
the shared presence of three apotypic character
states. This hypothesis requires reversals in char-
acters 8, 12, 18, and 34. However, under the al-
gorithm used, interpretation of reversals as inde-
pendent evolution of apotypic states in other
lineages of the tree is equally valid. For example,
in Hypothesis II, characters 8 and 34 could be
considered synapotypic for the Gyrophaena +
Phanerota + Eumicrota lineage, with apotypic
states of character 8 independently derived in
Agaricochara and 34 independently derived in
Brachychara. Similarly, character 12 could be con-
sidered independently derived for the Agarico-
morpha + Brachychara lineage and would thereby
be shared with Agaricochara. In this instance, the
cladogram of Hypothesis II becomes very similar
to that of Hypothesis I. The only remaining point
of contention between the two is whether the apo-
typic state of character 30 is derived only once or
whether it is represented by a reversal to the ple-
siotypic condition as indicated in Hypothesis I.

Comparison with Cladistic Analysis
Based on Adults

The cladistic relationships of gyrophaenine gen-
era hypothesized here based on larval character-
istics were developed independently of any pre-
conceived concepts of relationships. However, the
degree of concordance with phylogenetic relation-
ships based on features of adults developed by
using traditional cladistic techniques by Ashe
(1984) is striking. Ashe (1984) recognized three
major lineages of gyrophaenines: (1) a “Brachida”
lineage (the most plesiotypic in mouthpart struc-
ture and the sister group to all other gyrophaen-
ines), (2) a *““Sternotropa” lineage, and (3) a “Gy-
rophaena” lineage. Of these, the latter two lineages
were sister groups based on a number of strong,
well-corroborated apotypies. Unfortunately, lar-
vae of the “Brachida’ lineage and of many genera
of the “Sternotropa” lineage are not known. This
makes cladistic analyses based on larval and adult

character systems somewhat less comparable
though still informative.

Cladistic analyses based on larval or adult gy-
rophaenines are concordant in that the “Gyro-
phaena” and “‘Sternotropa’ lineages are recogniz-
able in each. In addition, the generic composition
of each of these lineages is similar in both clado-
grams, even though several genera are not repre-
sented by larval material.

The discrepancy in position of Agaricochara
based on cladistic analysis of larvae discussed
above was also noted to be a problem by Ashe in
studies of relationships of adults. Ashe (1984) found
that relationships of Agaricochara among gyro-
phaenine genera was uncertain and provided two
hypotheses about relationships of this genus. Based
on the shared apotypy of a divided ligula, he pro-
posed that Agaricochara formed the basal lineage
of the ““Sternotropa™ lineage. However, he noted
that Agaricochara also shared a number of apo-
typic features with members of the “Gyrophaena™
lineage. Therefore, based on these, he provided an
alternative hypothesis in which Agaricochara
formed the basal lineage of the “Gyrophaena” lin-
eage. Because most of the apotypic states which
supported this latter hypothesis were either re-
ductions or likely to be subject to parallelisms
(based on frequent parallel development of similar
apotypic features in well-established lineages), he
tentatively accepted the placement of Agarico-
charain the “Sternotropa” lineage. He further not-
ed that evidence for this hypothesis was weak and
contradictory and that considerably more study of
the relationships of Agaricochara among gyro-
phaenine genera was required.

Cladistic analyses of larval characteristics are
enlightening but do not effectively solve the prob-
lem ofrelationships of Agaricochara. As with adult
features, larvae of Agaricochara are relatively ple-
siotypic or have many character states interme-
diate between those of members of the *Sterno-
tropa” and ‘“‘Gyrophaena” lineages. Of the two
hypotheses, Hypothesis I is similar to Ashe’s ten-
tatively accepted hypothesis of relationships of
adult gyrophaenine genera in that it places Agar-
icochara as a basal member of the “Sternotropa”
lineage. However, as noted above, this is sup-
ported by only a single shared apotypic character
state. If, however, the small spinose sensilla on
each side of the midline of the ligula of larvae of
Agaricochara (fig. 4) is hypothesized to be ho-
mologous to the distinct setose sensilla in a similar
position on larvae of Brachychara (fig. 34) and
Agaricomorpha (fig. 19), the position of Agarico-
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chara within this lineage becomes much more
firmly supported.

The alternative hypothesis, Hypothesis II, which
places Agaricochara as sister group of the “Gy-
rophaena™ + ‘‘Sternotropa” lineage is also only
very weakly supported (see discussion above).
Furthermore, no presently reasonable reanalysis
of characters provides additional support for this
grouping of taxa.

The minimum length tree which is required to
place Agaricochara as a basal lineage of the “Gy-
rophaena” lineage is 42. Therefore, this hypothesis
of Ashe (1984) is not corroborated by cladistic
analysis of larvae. This provides limited confir-
mation for Ashe’s conclusion that most of the apo-
typic features which are shared by adults of Agar-
icochara with members of the “Gyrophaena™
lineage are derived in parallel.

Another discrepancy between cladograms based
on adult and larval features is in relationships
among members of the “Gyrophaena” lineage.
Ashe (1984) hypothesized that Eumicrota was the
sister group to Gyrophaena + Phanerota based on
three relatively weak shared apotypic states be-
tween the latter two taxa. No evidence for this
series of relationships is provided by analysis of
larval features, which consistently place Phanerota
and Eumicrota as sister groups based on two shared
apotypies. No resolution of this discrepancy is pos-
sible at this time.

It is also interesting that the monophyly of the
genus Gyrophaena is not supported by cladograms
based on either larvae or adults. However, Eu-
microta, which cannot be demonstrated to be
monophyletic based on available larval characters,
can be hypothesized to be monophyletic based on
strong autapotypic adult characteristics (Ashe,
1984).

Reanalysis of character states based on addi-
tional study of both adult and larval gyrophaen-
ines would seem to be required.

Summary and Conclusions

This study represents the first comparative use
of the system for naming setae and discussing vari-
ation in the chaetotaxic system of aleocharine lar-
vae developed by Ashe and Watrous (1984). The
variety of characteristics in chaetotaxic structure
which proved to be useful at the generic level for
systematic and phylogenetic study of gyrophaen-
ine larvae is impressive. The system proved es-
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pecially useful in this study because it is only when
chaetotaxic features are studied comparatively
among taxa that the wealth of structural variation
and the taxonomic level of stability of various
characteristics become apparent. Several general
features of levels of stability in chaetotaxic char-
acteristics among gyrophaenine larvae accent the
information content of these structures. These in-
clude (1) uniformity of chaetotaxic features among
species in a genus, (2) uniformity of chaetotaxic
features among individuals within a species, (3)
phylogenetic correlation of chaetotaxic character-
istics with other phylogenetically informative
structural features, and (4) uniformity of many
chaetotaxic character states within a monophyletic
lineage. Though the system of Ashe and Watrous
(1984) may require modification with continued
study of aleocharine larvae, it seems to provide
an initial base which should considerably stimu-
late comparative study of systematics and phy-
logenetic relationships among aleocharine larvae.

This study also represents the first attempt to
develop hypotheses about cladistic relationships
among genera of aleocharines based on larval
characteristics. As such, it provides an initial set
of phylogenetically analyzed character systems
which can form the basis for testing and devel-
oping character systems for other groups of aleo-
charine larvae. Especially important, it provides
an unusual opportunity to test the hypotheses about
cladistic relationships among gyrophaenine genera
based on adult features developed by Ashe (1984).
Since Ashe based many decisions about classifi-
cation and evolution of gyrophaenines on these
cladistic hypotheses, it subsequently provides an
independent test of these decisions.

Eldredge (1979) correctly points out that a
cladogram is testable by the addition of new data
(such as characters) among taxa already analyzed.
Cladistic study of larvae would appear to represent
a nearly ideal test of cladistic hypotheses based on
adults, since cladistic analysis of larvae is based
on an entirely independent set of character sys-
tems. The analysis can therefore be done without
inclusion of any of the information or biases which
were used when developing initial hypotheses about
relationships among genera.

The similarity between cladograms based on
adult and larval features is striking. The number
of correlated apotypic characteristics shared among
all gyrophaenine larvae provides additional strong
support for the hypothesis that the Gyrophaenina
form a monophyletic group. In addition, mono-
phyly of the “Gyrophaena” lineage (Ashe, 1984)
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is given strong support by larval characters. Mono-
phyly of this lineage was previously only sup-
ported by adult characters of uncertain reliability.
Support for the monophyly of the “Sternotropa”
lineage is also present but not as convincingly since
larvae of many genera of this lineage are not avail-
able. However, monophyly of the lineage repre-
sented by Agaricomorpha + Brachychara is well
corroborated by the two cladograms. In addition,
apotypic features shared by larvae of these two
genera but absent from those of Agaricochara fur-
ther confirm the decision of Ashe (1984) to treat
Agaricomorpha as a genus separate from Agari-
cochara.

The fact that larvae of Agaricochara do not have
synapotypic features characteristic of members of
the “Gyrophaena’ lineage supports Ashe’s con-
clusion that apotypic features shared by adult
Agaricochara and members of this lineage are par-
allelisms. However, two equally probable place-
ments of Agaricochara within the larval cladogram
do not provide any additional insight into rela-
tionships of this relatively plesiotypic genus.

Discrepancies in hypothesized relationships
among genera of the “Gyrophaena” lineage be-
tween larval and adult cladograms cannot be re-
solved at present. However, these differences do
not seriously affect either the classification or the
hypotheses of major evolutionary features of gy-
rophaenines proposed by Ashe (1984).

This level of correspondence between clado-
grams of genera based on independent sets of char-
acter systems and the variety of characters avail-
able for study is surprising, especially when one
considers the great diversity, taxonomic difficulty,
and initial impression of superficial similarity
among taxa within the staphylinid subfamily
Aleocharinae. It would seem to offer considerable
hope that a phylogenetically meaningful and stable
higher-level classification of this currently chaotic
subfamily is an ultimate possibility. The character
systems to do this are available on both larvae and
adults.
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